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ABSTRACT
The nine-banded arm ad illo  (Dasypus novencinctus l i n n . ) i s  h ig h ly  
su scep tib le  to  in fe c tio n  w ith  Mycobacteriurn lep rae  and has become an 
im portant animal model in  the  study o f lep rosy . In  an attem pt to  
d e fin e  the  major immunogens o f  M. lep rae  and th e  iso ty p ic  antibody 
response to  these  molecules during in fe c tio n , th e  IgG and IgM 
antibody responses o f ex p erim en ta lly -in fec ted  arm adillos to  th e  
son ica ted  M. le p ra e , supernatan t f ra c tio n  of son ica ted  M. lep rae , 
lipoarabinomannan (LAM) derived  from M. tu b e rc u lo s is , and phenolic 
g ly c o lip id -I  was analyzed using immunoblot and ELISA. A ntibodies to  
the  s p e c if ic  ep itope  (defined by monoclonal an tibody IIIE 9) on th e  
65-kDa p ro te in  of M. lep rae  were analyzed using  a  com petitive 
antibody binding assay . Our r e s u l ts  showed th a t  p ro te in  antigens o f  
M. lep rae  e l i c i t e d  a predominant IgG antibody response, whereas, 
carbohydrate an tigens o f M. le p ra e , in c lu d in g  lipoarabinomannan, 
induced an IgM response. Phenolic g ly c o lip id -I  e l i c i t e d  both IgG and 
IgM antibody responses. Some animals produced and m aintained a 
s tro n g  IgG antibody response to  phenolic  g ly c o lip id -I  which 
c o rre la te d  w ith th e i r  a b i l i ty  to  delay  d issem ination  o f th e  in fe c tio n  
and w ith  th e ir  a b i l i ty  to  surv ive in fe c tio n  fo r longer periods of 
tim e. A ntibodies to  an M. lep rae  s p e c if ic  ep itope on th e  65-kEa 
p ro te in  in  crude c e l l  w all e x tra c ts  but not to  the  recombinant 65-kDa 
p ro te in  were de tec ted  during the l a te r  stage  o f in fe c tio n  in  both 
arm adillos and leprosy  p a tie n ts .  The lack  o f concordance between 
CAB&'s developed w ith the  crude n a tiv e  an tig en  and those developed 
w ith th e  p u r if ie d  recombinant 65-kDa p ro te in  i s  suggestive of
fa ls e -p o s i t iv e  r e s u l ts ,  p o s s ib ily  induced by s t e r i c  hindrance, being  
a sso c ia te d  w ith  CABA which incorpora te  crude c e l l  v a i l  e x tra c ts  as  
an tig en  source. Therefore, th e  IIIE9 ep itope  o f  M. lep rae  does not 
appear to  be immunogenic in  the  arm adillo  o r th e  leprosy  p a tie n t.
I t  was shown th a t  antibody p ro f i le s  to  various M. lep rae  
an tigens proved usefu l in  m onitoring the course and outcome o f 
in fe c tio n  in  arm adillos a s  w ell as e s ta b lish in g  b ase lin e  inform ation 
on the  humoral immune response in  arm adillos during the  course o f an 
u n trea ted  in fe c tio n  w ith M. le p ra e .
x
INTRODUCTION
A fter the  d isc  every by Armauer Hansen in  1873 th a t  Mycobacterium 
lep rae  i s  the  cau sa tiv e  agent o f leprosy, M. lep rae  remains to  be one 
o f  the  few microorganisms y e t to  be c u lt iv a te d  in  v i t r o  (22).
Man has t r a d i t io n a l ly  been thought to  be th e  only n a tu ra l h o s t 
o f M. le p ra e . However, s tu d ie s  beginning in  1968 dem onstrated th a t  
th e  nine-banded a rm ad illo  (Dasypus novemcinctus, l in n .)  i s  
su sc e p tib le  to  experim ental in fe c tio n  w ith  M. lep rae  (15).
Although th e  Dasypus novemcinctus has te e th , th e  arm adillo  i s  a 
mammal of the zoo log ical order, Edenthata ( to o th le s s ) . I t s  suborder 
i s  Xenarthra and i t s  fam ily i s  Easypodidae. Armadillos a re  p rim arily  
carnivorous, but they a lso  consume vegetab le  m atte r. Arm adillos have 
a l ife -s p a n  o f up to  15 y e a rs . T heir reproduction  i s  unusual in  th a t  
mating and f e r t i l i z a t i o n  of th e  egg takes p lace  some time in  Ju ly  o r 
August w hile im plan ta tion  o f th e  f e r t i l i z e d  egg takes p lace in  
December (23). Arm adillos have a r e la t iv e ly  low body tem perature o f 
32 -  35°C (1) (89.6 -  95.0°F) and i t  i s  thought th a t  th i s  
c h a r a c te r is t ic  allow s the  leprosy  b a c il lu s  to  d issem inate  in to  
t is s u e s  l ik e  th e  spleen and l iv e r .
Successful transm ission  of leprosy to  nine-banded arm adillos fcy 
Kirchheimer and S to rrs  (15) has provided the  in v e s tig a to rs  w ith 
s u f f ic ie n t  sources of M. lep rae  fo r  an tig en ic  an a ly s is  and vaccine 
development. Although arm adillos do not ex h ib it re a c tio n a l s ta te s  
such as erythema nodosum leprosum (ENL), a leprosy  com plication, upon 
th e i r  exposure to  M. le p ra e , they may ex h ib it a c l in ic a l  
m an ifesta tio n  of leprosy ranging from numerous a c id - fa s t  b a c i l l i
1
2(AFB) (lepromatous leprosy) to  few AFB (tubercu lo id ) (14). However, 
th e  lepromatous type o f leprosy  i s  most common among arm adillos.
Armadillos have become of in te r e s t  to  lep rosy  in v e s tig a to rs  
because the  d issem ination  o f the  d isease  i s  s im ila r  to  lepromatous 
human p a t ie n ts .  In  the  immunology o f lep ro sy , arm adillos o f fe r  a 
major advantage in  th a t  i t s  immune response can be analyzed in  th e  
absence o f a n ti- le p ro sy  chemotherapy, an issu e  which e th ic a lly  would 
not be p o ssib le  in  human p a tie n ts .  A dd itiona lly , they may be s tud ied  
in  th e  absence o f immunosuppressive drugs such as c o rtic o s te r io d s , 
which a re  frequen tly  used fo r  the  management o f re a c tio n a l s ta te s  in  
lep rosy  such as ENL o r re v e rsa l re a c tio n s .
Published fin d ings d e sc rib in g  immunological responses o f 
arm adillos to  M. lep rae  have been few and to  d a te  we do not have a 
concise  understanding o f th e i r  immune response. Using a 
radioimmunoassay, Harboe, e t  a l .  (10) dem onstrated increased  amounts 
o f an tib o d ies  to  M. lep rae  an tig en  7 during th e  course o f  
experim ental in fe c tio n . In  immunoblotting s tu d ie s  using -*-25j_^a]-)e^e<3 
p ro te in  A, Chackrabarty, e t  a l .  (3) have shown th e  presence o f 
antibody to  sev era l an tig en ic  components o f M. lep rae  in  the  sera  o f 
in fe c te d  a rm ad illo s . A d e fic ien cy  in  th ese  s tu d ie s  is  th e  lack o f 
dem onstration o f iso ty p ic  (IgG and IgM) antibody response. Recently, 
Truman, e t  a l .  (24) have shown th a t  lo n g itu d in a l IgM antibodies o f 
arm ad illos  to  an M. le p ra e -s p e c if ic  an tigen , phenolic  g ly co lip id -I 
(PGL-I), (11) can be usefu l in  fo llow ing the  course o f in fe c tio n . 
These in v e s tig a to rs  d id  not describe  th e  evo lu tion  of IgM an tib o d ies  
to  PGL-I in  in d iv idua l animals and a s  a  function  o f time.
3Due to  the need fo r  a system atic  and d e ta i le d  study regarding 
th e  immune response of arm ad illo s , th i s  study was in i t i a te d  to :  1)
d esc rib e  and chem ically c h a rac te riz e  th e  an tigens o f M. lep rae  th a t  
evoke IgG and IgM an tibod ies  in  arm adillos and 2) to  analyze th e  
antibody response of arm adillos to  the  major immunogens of M. le p ra e , 
includ ing  th e  p u r if ie d  PGL-I and an M. le p ra e -s p e c if ic  ep itope 
lo ca ted  on a  65-kDa p ro te in  (2), during the  course o f an experim ental 
in o cu la tio n  w ith M. le p ra e .
Chapter I P a r t i a l  c h a ra c te r iz a tio n  o f an tigens from M. lep rae  
evoking IgG and IgM an tib o d ies  in  arm ad illos .
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
5 May 1989
P u b lic  H e a lth  Service
Gillis W. Long Hansen’s Disease Center 
Carville, LA 70721
Robert C. te s t in g s , M.D., Ih.D.
E d ito r
In te rn a tio n a l Jo u rn a l of Leprosy 
B uild ing  13
G i l l i s  W. Long H ansen's D isease Center 
Dear Dr. te s t in g s :
I am in  the  process o f w ritin g  my d is s e r ta t io n  which w ill  p a r t i a l ly  
f u l f i l l  th e  requirem ents fo r the  degree o f  Doctor o f  Ehilosophy in  
th e  Department o f M icrobiology a t  Louisiana S ta te  U n iv ers ity  in  Baton 
Rouge. With your perm ission, I would l ik e  to  include a re p r in t  o f  
th e  a r t i c l e  e n t i t le d :
" P a r t ia l  C h arac te riz a tio n  o f Antigens frcm M. lep rae  Evoking IgG 
and IgM A ntibodies in  Armadillos"
By
Abdul R. Vadiee, e t  a l . ,
which appeared in :
In te rn a tio n a l Jou rna l o f Leprosy (1988) 5 5 (2 ):274-282.
The bound d is s e r ta t io n  and a microfilmed ccpy w il l  become p a r t o f the 
c o lle c tio n  o f th e  u n iv e rs ity  l ib r a ry .  Your a t te n tio n  to  t h i s  m atter 
i s  g re a tly  app recia ted . Thank you very much.
S incere ly
Abdul R. Vadiee
6I n t e r n a t i o n a l  J o u r n a l  o f  L e p r o s y  Volume 56. Number 2
Printed in  the  U.S.A.
Partial Characterization of Antigens from M. leprae 
Evoking IgG and IgM Antibodies in Armadillos12
Abdul R. Vadiee, Edward J. Shannon,
Thomas P. Gillis, and Robert C. Hastings3
The nine-banded arm adillo  (Dasypus 
novemcinctus) is highly susceptible to in­
fection with Mycobacterium leprae and has 
become an important animal model in the 
study of leprosy (6). Results describing se­
rologic responses to M. leprae in armadillos 
have implicated several distinct antigenic 
components of the bacillus as major im ­
munogens. These include, antigen 7 (4), cell 
wall polysaccharides ('), and the unique gly- 
colipid molecule, phenolic glycolipid - 1  
(PGL-I) 0 3).
In an attempt to define other major im ­
munogens and the isotypic antibody re­
sponse to these molecules, we analyzed the 
IgG and IgM antibody responses o f arma­
dillos to the supernatant fraction from son­
icated M. leprae antigens including the puri­
fied lipoarabinom annan (LAM) derived 
from M. tuberculosis. Our results showed 
that the predominant IgG antibody re­
sponse of heavily infected armadillos was 
to protein antigens of the bacillus. In con­
trast, IgM antibodies from heavily infected 
armadillos, as well as from uninfected ar­
madillos, were reactive with a major car­
bohydrate antigen of M. leprae.
MATERIALS AND M ETHOD S
Fractionation of arm adillo  serum by 
Sephacryl S-200. An IgG-enriched fraction 
o f normal armadillo pooled sera was ob­
tained by molecular sieve chromatography 
on a 90 x 1.5 cm Sephacryl S-200 superfine
1 W ayne M. M eyers, M .D ., Ph.D .. kindly served as 
E dito r in regard to the subm ission, review , revision, 
an d  acceptance o f  th is m anuscript.
: R eceived for publication on 19 F ebruary  1987: ac­
cepted for publication in revised form  on  28 January  
1988.
3 A. R. Vadiee, M.S.: E. J. Shannon, Ph.D .; T. P.
G illis, Ph.D ., Im m unology Research D epartm ent; R.
C. Hastings, M .D ., Ph.D ., Chief. L aboratory  Research
Branch, G W L H ansen’s Disease Center. Carville, L ou­
isiana 70721. U.S.A.
column (Pharmacia Fine Chemicals. Pis- 
cataway, New Jersey, U.S.A.). The column 
was equilibrated with 0.1 M Tris-HCl buff­
er, pH 8.0, containing 0.5 M NaCl. Two ml 
fractions were collected at a flow rate of 1 2  
ml per hr using a peristaltic pump. Fractions 
were monitored for absorbance at 280 nm 
on a Beckman D U 8 B Spectrophotometer 
(Beckman, Irvine, California, U.S.A.).
Protein-A -Sepharose CL-4B column 
chromatography. Five ml of peak II from 
the Sephacryl S-200 column (Fig. 1A) was 
applied to a Protein-A-Sepharose CL-4B 
column (Pharmacia) equilibrated with 0.1 
M sodium phosphate in 0.34 M NaCl, pH
7.0 (PBS). IgG bound to protein A was elut­
ed from the column with 0.1 M glycine, pH 
2.8. The IgG fraction was then dialyzed 
against 10 mM phosphate-buffered normal 
saline (PBS), pH 7.2.
Rabbit anti-armadillo IgG (7 -chain-spe- 
cific). Fractions enriched for armadillo IgG 
by protein-A chromatography were reduced 
and heated (100°C for 3 min) in 0.1% SDS 
and 1% 2 -mercaptoethanol and separated 
by SDS-PAGE (8) consisting of 4% stacking 
gel and 12% separating gel. One lane of the 
gel was stained with Coomassie brilliant blue 
R250 to locate the position of the im mu­
noglobulin (Ig) heavy and light chains. The 
portion of the remaining unstained gel con­
taining the heavy chains was removed, 
minced, and suspended in PBS. This sus­
pension was injected subcutaneously into 
the foot pads and multiple sites on the backs 
of rabbits. The animals were given a booster 
injection 3 weeks later. The immune sera 
were collected 30 days after the primary in­
jection.
Purification of rabbit anti-armadillo 
7 -chain by affinity chromatography. Ten ml
of the rabbit anti-armadillo 7 -chain serum 
was applied to an affinity column prepared 
with armadillo IgG bound to CNBr-acti- 
vated SeDharose 4B IPharmacia! usine the
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method described by the manufacturer. The 
rabbit anti-armadillo 7 -chain-specific anti­
bodies were eluted from the column with 
0.1 M glycine, pH 2.8, and dialyzed against 
PBS.
Armadillo sera. Sera from 8  nine-banded 
armadillos were collected approximately 15 
months after the animals were injected in­
travenously with 6.9 x 108 viable M. leprae 
(Group I). These animals harbored an 
average of 3.3 x 109 M. l e p r a e of liver 
tissue at necropsy. Sera were also collected 
from 4 nine-banded armadillos determined 
to be free of M. leprae infection after a 
3-month quarantine period (Group II). 
Group II animals showed no signs of lep­
rosy-like infection by routine screening, in­
cluding detection of acid-fast bacteria (AFB) 
in ear biopsies and in blood smears.
Preparation of M . leprae extracts. M. lep­
rae were provided by Dr. Patrick Brennan 
(NIH Contract # 1AI-52582, Colorado State 
University) as irradiated, lyophilized bacilli 
purified from the lymph nodes of infected 
armadillos. M. leprae (10 mg dry weight) 
were suspended in 3 ml of PBS. The organ­
isms were disrupted by sonication on ice for 
30 min at 150 watts on a Sonifier Cell Dis­
rupter with a temperature control module 
(Model W1851, Heat System; Ultrasonics, 
Inc., North Tonawanda, New York, U.S.A.). 
The sonicated material was centrifuged at
20,000 x g  for 30 min at 4°C. The super­
natant fraction has a protein concentration 
of 0.1 mg/ml (9) and was stored at — 20°C 
until used.
Lipoarabinomannan (LAM). LAM de­
rived from M. tuberculosis was provided by 
Dr. Patrick Brennan (Colorado State Uni­
versity).
Staining characteristics of M . leprae ex­
tracts. The supernatant extract o f M. leprae 
was analyzed by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS- 
PAGE). Proteins were identified by staining 
with Coomassie brilliant blue R250 fol­
lowed by silver staining. To identify car­
bohydrate moieties in extracts of M. leprae, 
gels were stained with a modified silver stain 
0 °).
Immunoblot. Components separated by 
SDS-PAGE were electrophoretically trans­
ferred at constant voltage (10 V) for 18 hr 
to BA85 nitrocellulose paper (NCP)
(Schleicher and Schuell, Inc., Keene, New 
Hampshire, U.S.A.) in a Tris-glycine-meth- 
anol buffer, pH 8.0 (“ )• After transfer, the 
NCP was reacted for 45 min in PBS con­
taining 3% bovine serum albumin (BSA). 
The NCP was then incubated with an ap­
propriate dilution o f primary antibody for 
1 hr at room temperature. The NCP was 
washed five times for 5 min each in PBS 
containing 0.05% Tween 20. It was then 
reacted with an appropriate dilution of sec­
ondary antibody, washed, and reacted with 
peroxidase-conjugated immunoglobulins. 
Next, the NCP was washed and developed 
with H 20 2/horseradish peroxidase (HRP) 
color development reagent (Bio-Rad, Rich­
mond, California, U.S.A.) for 10 min at 
room temperature as described by the m an­
ufacturer. The reaction was stopped by 
transfer of the NCP to 5% acetic acid in 
distilled H 20 .
125I-ConA binding of the M , leprae ex­
tracts. C oncanavalin-A  (ConA; Sigma 
Chemical Co., St. Louis, Missouri, U.S.A.) 
was radioiodinated by the Chloramine-T 
method (3). Free iodine was removed by gel 
filtration on P-6 DG (Bio-Rad). M. leprae 
extracts were separated by SDS-PAGE and 
then electrophoretically transferred from the 
gel onto NCP. The NCP was incubated in 
a 1% BSA/PBS solution for 30 min at room 
temperature, and then incubated in 40 ml 
of l25I-ConA (1 x 106 cpm/ml) in 1% BSA/ 
PBS for 1 hr at room temperature. The NCP 
was washed to remove unbound l25I-ConA. 
dried, and exposed to Kodak Ortho G film 
(Eastman Kodak Co., Rochester, New York. 
U.S.A.). Exposure of the NCP was at -  70°C 
for 1 2  hr in an x-ray cassette fitted with a 
Coronex M RF 32 clear base intensifying 
screen (Dupont Co., Newton, Connecticut, 
U.S.A.).
RESULTS
Characterization of rabbit anti-armadillo 
7 -chain-specific serum. Armadillo serum 
proteins were fractionated on Sephacryl 
S-Z00, resolving the material into three dis­
tinct peaks (Fig. 1 A). Peak II from the Seph­
acryl column was applied to a protein-A 
Sepharose CL-4B column and unbound ma­
terial eluted with PBS, pH 7.2 (peak a, Fig. 
IB). Protein-A bound material was eluted 
by the addition of low pH buffer (peak b).
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Fig. 1A. Sephacryl S-200 gel filtration o f  pooled 
norm al arm adillo  serum . A rrow s indicate fractions 
pooled for analysis.
TUBE NUMBER
F ig . 1B. Protein-A  affinity chrom atography o f  Peak 
11 from  Sephacryl S-200 colum n (Fig. 1A). A rrow  in ­
dicates addition  o f  low pH  buffer.
and this material was analyzed by immuno- 
electrophoresis. A single immunoprecipi- 
tate band was observed when a sample of 
peak b was electrophoresed in agarose and 
then allowed to react with rabbit anti-whole 
armadillo serum (data not shown). The im ­
mune precipitate formed was localized in 
the zone characteristic for human IgG. SDS- 
PAGE analysis of peak b from the pro­
tein-A column (armadillo IgG) (Fig. 2, lane 
B) and human IgG (Fig. 2, lane C) showed 
identical patterns of migration for the re­
duced heavy chain molecule. In contrast, 
the major species of armad.illo light chain 
(Fig. 2, lane B) was slightly higher in m o­
lecular weight (Mr = 28,000) as compared 
to those of human (Mr = 25,000) (Fig. 2, 
lane C). Rabbit antibodies reactive with the 
51-kDa protein were purified by affinity 
chromatography using purified armadillo 
IgG as immunosorbent. Immunoreactivity 
of the purified antibodies located a single 
band at 51 kDa present in both purified 
armadillo IgG (Fig. 3, lane B) and whole 
armadillo sera (Fig. 3, lane C).
Staining and lectin binding characteris­
tics of sonicated M . leprae supernate. Pro­
tein staining of SDS-PAGE profiles of M. 
leprae supernate with Coomassie blue fol­
lowed by silver staining showed 1 0 - 1 2  bands
with molecular weights from 12-72 kDa 
(Fig. 4, lane B). Periodate oxidation, fol­
lowed by silver staining of the gel. greatly 
enhanced the carbohydrate-rich regions 
which appeared as diffuse-staining regions 
in the gel corresponding to 25 kDa, 33 kDa, 
and 6 6  kDa (Fig. 4, lane A). Further analysis 
of the carbohydrate staining components by 
lectin-binding studies indicated that ConA- 
reactive components were detected at re­
gions corresponding to <10 kDa, 33 kDa, 
and 80 kDa (Fig. 5).
Antigenic components of M . leprae elic­
iting IgG or IgM  antibodies. The superna­
tant of sonically disrupted M. leprae was 
fractionated by SDS-PAGE and then blot­
ted to NCP. Blots were incubated with se­
rum from M. leprae-infected armadillos 
(Group I) and developed with rabbit anti­
armadillo 7 -chain or rabbit anti-human 
M-chain-specific reagents (Fig. 6 A). Arma­
dillo IgG antibodies from most armadillos 
recognized antigens with molecular weights 
from 12-90 kDa (Fig. 6 A, lane B). In con­
trast, when blots were developed using the 
M-chain-specific antisera, the majority of the 
armadillos tested showed a major diffuse 
band of immunoreactivity in the 33 kDa 
region (Fig. 6 A, lane A). When normal ar­
madillo sera (Group II) were analyzed, 2 of
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F i g . 2 . A nalysis o f  arm adillo  an d  hum an IgG by 
SD S-polyacrylam ide gel e lectrophoresis (SDS-PAGE). 
P rotein bands were stained  w ith C oom assie blue. Lane 
A =  low m olecular weight protein standards: phosphor- 
ylase b (92 kDa), BSA ( 6 6  kDa), ovalbum in  (45 kD a), 
carbonic anhydrase (31 kDa). soybean trypsin inh ib ito r 
(21 kDa), lysozym e (14 kDa); lane B =  purified 
arm adillo  IgG (0.9 fig); lane C  =  purified h u m an  IgG 
( 1 .1  fig).
4 animals showed IgG antibody reactivity 
both to the 33-kDa and 21-kDa antigen (Fig. 
6 B, lane B). When the same normal sera 
were analyzed for IgM antibody responses, 
all four animals showed immunoreactivity 
to the 33-kDa antigen (Fig. 6 B, lane C).
IgG and IgM  responses of M . leprae-in­
fected armadillos to LAM. Lipoarabino­
mannan was electrophoresed on SDS-PAGE 
and then blotted to NCP. Blots were incu­
bated with serum from M. leprae-infected 
armadillos and developed with rabbit anti­
armadillo y-chain or rabbit anti-human
F ig . 3. Im m unoblo t o f  rabb it an ti-arm adillo  
7 -chain-specific sera. A rm adillo  w hole serum  at 1:100 
d ilu tion  and purified arm ad illo  IgG (0.9 fig) were an a­
lyzed by im m unoblotting . N itrocellulose paper (NCP) 
was incubated  with rabb it an ti-arm adillo  7 -chain sera 
a l 1 : 1 0 0 0  d ilu tion , w ashed, and  incubated  w ith per­
oxidase conjugated goat an ti-rabb it im m unoglobulins 
at 1:1000 d ilu tion . N C P was washed and  treated  with 
dye-developing reagent (H .O ,, 4-ch loro-l naphthol). 
Lane A =  low m olecular weight protein standards (see 
Fig. 2 legend); lane B =  purified arm adillo  IgG; lane 
C =  arm adillo  whole serum .
ju-chain-specific reagent. When blots were 
developed for IgG activity, no sign of im­
munoreactivity was observed in any of the 
animals. However, when blots were ana­
lyzed for IgM activity, two diffuse bands of 
immunoreactivity were observed in the re­
gions of approximately 50 kDa and 28-33 
kDa (Fig. 7, lane B).
DISCUSSION
The mechanism by which M. leprae eludes 
the host defense system to cause disease is 
unknown. Since protection against disease
10
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F i g . 4 . Staining characteristics o f  M . leprae ex­
tracts. Soluble extracts were stained for detection o f  
proteins and carbohydrates. Lane A =  detection o f 
com ponents containing carbohydrate m oieties by sil­
ver sta in  m odified from  the M orrisey procedure 
lane B =  detection o f  com ponents contain ing  proteins 
by C oom assie brilliant blue staining o f  the gel followed 
by silver staining; lane C  =  low m olecular weight 
m arkers.
3 3k
F ig . 5. Identification o f  antigenic com ponents o f  
M . leprae reacting w ith 1J5I-C onA . Supernatant ex­
tracts o f  M . leprae were fractionated  by SD S-PA G E 
and  electrophoretically  blo tted  onto  N C P. N C P was 
incubated w ith ' “ I-C onA and  subsequently au to rad io ­
graphed.
is associated with an appropriate host im­
mune response to M. leprae, delineation of 
the antigenic constitution of M. leprae is 
essential to the understanding of this pro­
cess. This study was undertaken to char­
acterize the antigenic components o fM. lep­
rae which evoked IgG or IgM antibody 
responses in normal and heavily infected 
armadillos. An antiserum specific to ar­
madillo IgG (7 -chain) was prepared to iden­
tify the antigenic components of M. leprae 
which elicited IgG antibody responses in 
armadillos. IgM responses were detected us­
ing an anti-human ju-chain-specific reagent
which has been shown to crossreact with 
armadillo IgM (l2).
The IgG responses of heavily infected ar­
madillos were directed at approximately 1 0  
distinct bands with molecular weights from 
33 kDa to 90 kDa and two additional bands 
at 12 kDa and 22 kDa. Chakrabarty, et al. 
( ')  also reported  im m unoreactiv ity  in 
heavily infected armadillos to the 12 kDa 
and 22 kDa antigen of M. leprae, but ob­
served only four other major immunoreac- 
tive bands with molecular weights from 33 
kDa to 67 kDa. It is possible that some of 
the additional im m unoreactive com po­
nents observed in our studies were degrative
11
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B C
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66 K
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31K
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F i g . 6 A. D em onstration  o f  antigenic com ponents 
o f  M . leprae eliciting IgG and IgM an tibody  responses. 
Soluble extracts o f  M . leprae were separa ted  by SDS- 
PA G E and electrophoretically b lo tted  on to  N CP. N C P 
was incubated w ith infected arm adillo  serum  (1:50 d i­
lution), washed, and  treated  with class-specific antisera 
(rabb it an ti-arm adillo  7 -chain a t 1 : 1 0 0 0  d ilution; rab ­
bit an ti-hum an M-chain at 1:50 d ilution). T he strips 
were washed and treated  with peroxidase-conjugated 
goat an ti-rabbit im m unoglobulin  (IgA + IgM +  IgG) 
at 1:1000 dilution. V isualization o f  antigen-bound  an ­
tibody proceeded as explained in Figure 3. Lane A = 
reaction with rabbit an ti-hum an M-chain-specific a n ­
tibody; lane B  = reaction w ith rabb it an ti-arm adillo  
7 -chain-specific antibody; lane C  =  low m olecular 
weight m arkers.
components of related molecules reported 
by Chakrabarty, et al. (')■ This seems un­
likely, however, because the M. leprae ex­
tract used in our study was prepared under 
the same conditions as that o f Chakrabarty, 
et al. ('). In addition, we observed bands of 
immunoreactivity at the region of 70 kDa 
to 90 kDa which were not reported in their
F i g . 6 B . Im m unoblo t to  dem onstrate  IgG and  IgM 
antibody responses o f  norm al arm adillos to  M . leprae. 
(Technical procedure is sam e as in Fig. 6 A.) Lane A 
=  low m olecular weight m arkers; lane B = reaction 
with rabbit an ti-arm adillo  7 -chain-specific antibody: 
lane C  =  reaction w ith rabbit an ti-hum an  n-chain-spe- 
cific antibody.
studies. One explanation for the differences 
in antibody responses seen between the two 
studies is the likely individual variations in 
antibody responses am ong the highly 
outbred population of armadillos. Alter­
natively, recognition of larger numbers of 
immunoreactive bands could be due to a 
potential increase in sensitivity and speci­
ficity of our assay using isotype-specific 
reagents, as opposed to radiolabeled 
protein-A.
Furthermore, the above pattern of IgG 
immunoreactivity may reflect the relative 
immunodominance or accessibility of these 
proteins in the intact bacillus, or their rel-
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F ig . 7. Im m unoblo i to  d em onstra te  IgM antibody  
response o f  infected arm adillos to  lipoarab inom annan  
(LAM ). LAM (80 M&ml) was separa ted  by SDS-PA G E 
and electrophoretically  blo tted  on to  N CP. (Technical 
procedure is sam e as in Fig. 6A.) L ane A =  low m o ­
lecular weight m arkers; lane B =  reaction  w ith  rabbit 
an ti-hum an n-chain-specific antibody.
ative concentration in the bacterial cell son­
icate. Similarities between human and ar­
m adillo antibody responses have been 
reported by noting immunoreactivity to M. 
leprae components with molecular weights 
of 12, 22. 28, 33, 36, 41, and 8 6  kDa (l 7). 
Immunoblot analysis of multibacillary pa­
tients reported by Chakrabarty. et al. ( ‘) pre­
dominantly detected two bands of im mu­
noreactivity with molecular weights of 1 2
B kDa and 33 kDa, whereas the study per­
formed by Klatser, et al. (7) reported as many 
as six bands of immunoreactivity with mo­
lecular weights of 12, 22, 28, 36,41, and 8 6  
kDa.
Comparison of immunoblot analyses of 
armadillo IgG responses to M. leprae com­
ponents with that o f humans indicates that 
M. leprae-infected armadillos generally rec­
ognized and produced antibodies to a larger 
number of M. leprae components than mul­
tibacillary patients. For example, analysis 
o f sera from M. leprae-infected armadillos 
indicated that, in addition to the above im- 
munoreactive components recognized by 
human sera, armadillo sera reacted to a 
group of M. leprae components with mo­
lecular weights ranging from 45 kDa to 90 
kDa and, among these, only the 8 6  kDa 
component of M. leprae was recognized by 
human sera (7). Our results support earlier 
findings that armadillos produce antibody 
to a great diversity o f M. leprae antigens as 
opposed to the previously reported limited 
repertoire produced by Hansen’s disease 
(HD) patients. Differences in antibody pro­
files between experimental M. leprae-in­
fected armadillos and humans afflicted with 
HD could be due to the effect of chemo­
therapy of patients as suggested by Klatser, 
et al. (7), or as a result of immune recog­
nition of various antigens governed by im ­
mune response genes.
The p redom inant IgM antibody re­
sponses o f the majority of infected arma­
dillos were to a component which migrated 
as a broad diffuse band with a molecular 
weight of approximately 28-33 kDa. Stain­
ing characteristics using a modified silver 
stain for carbohydrates and the ability of 
the 33 kDa antigen to bind l25I-ConA sug­
gested that this molecule is composed of 
carbohydrates containing mannose or glu­
cose residues. Additionally, when we ana­
lyzed the IgG and IgM antibody responses 
of an infected armadillo to the highly cross­
reactive mycobacterial antigen LAM (3) de­
rived from M. tuberculosis, IgM activity was 
observed only to two broad diffuse bands 
at the regions of 28-33 kDa and 50 kDa. 
Comparison of the SDS-PAGE migration 
patterns and antibody binding characteris­
tics o f the 33 kDa material with that of pu­
rified M. tuberculosis LAM (5) suggested that
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the two components were chemically and 
immunologically related.
The ability of a 33 kDa molecule to elicit 
a strong antibody response in armadillos 
and humans infected with M. leprae has 
been reported by Chakrabarty, et al. ('). 
However, they reported no reactivity to 33 
kDa in normal armadillos and uninfected 
humans by immunoblot analyses. These in­
vestigators used l25I-Staph-A protein, which 
detects primarily IgG antibodies. In our 
studies, the use o f isotypic-specific antisera 
demonstrated the presence o f IgG and pri­
marily IgM antibodies to the 33-kDa anti­
gen of M. leprae in sera of normal and in­
fected anim als. The im m unoreactiv ity  
observed in sera from normal armadillos 
may indicate previous exposure o f these ar­
madillos to M. leprae or to a crossreactive 
mycobacterial antigen present in the envi­
ronment. In addition, since the 33-kDa an­
tigen seems to elicit primarily IgM-type re­
sponses, the use of 125I-Staph-A protein may 
not always be sufficient for detection of an­
tibodies to this or other M. leprae antigens. 
This further supports the need for analysis 
o f antibody responses to M. leprae using 
isotype-specific reagents to obtain a more 
precise understanding of the humoral re­
sponse during infection.
Further studies in the armadillo relating 
immune response to defined antigens with 
disease status should strengthen our under­
standing of the infection in the armadillo 
model for HD and, potentially, natural in­
fection with M. leprae in man.
SUMMARY
Armadillo IgG and IgM antibody re­
sponses to Mycobacterium leprae were ana­
lyzed using isotypic-specific antisera by 
means ofimmunoblotting. Blots developed 
for IgG antibodies to M. leprae showed mul­
tiple protein antigens (Mr = 12-90 K) in 
some heavily infected armadillos. In con­
trast, blots developed for IgM antibodies to 
M. leprae showed a single, broad, diffuse 
band of immunoreactivity at approximately 
33 kDa. The 33-kDa immunogen was de­
tectable with silver stain modified for car­
bohydrate reactivity, suggesting the pres­
ence of a polysaccharide component. In 
addition, binding of l25I-concanavalin A to 
the 33-kDa component demonstrated the
presence of mannose and/or glucose resi­
dues.
RESUM EN
Se analizaron las respuestas dc arm adillos en anti- 
cuerpos IgG e IgM an ti-M ycobacterium  leprae usando 
antisueros especificos para isotipos e inm unoelectro- 
transferencia. C uando  el revelado se hizo para anti- 
cuerpos IgG contra  M . leprae, se encontraron m ultiples 
antigenos proteicos (M r =  12-90 K) en algunos a r­
m adillos m uy infectados. En contraste, cuando el re­
velado se hizo para anticuerpos IgM contra  M . leprae, 
se encontro  una sola banda am plia  y difusa de in- 
m unoreactiv idad  de ap rox im adam ente 33 kD a. El in- 
m unogeno 33 kD a fue detectado con tincion  de plata 
m odificada para carbohidra tos, sugiriendo la presencia 
de un com ponente polisacaridico. A dem as, el enlaza- 
m iento  de concanavalina A -I2!I al com ponente 33 kD a 
dem ostro  la presencia de residuos de m anosa y /o  glu- 
cosa.
RESUME
O n a analyse chez le tatou  les reponses en an ticorps 
IgG et IgM a M ycobacterium  leprae, en u tilisant des 
echantillons d ’antiserum  isotypiques specifiques, au 
m oyen d ’une technique de detection par transfert (im- 
m unoblotting). Les transferts d ’an ticorps IgG contre 
M. leprae m ontra ien t des antigenes proteiques m ul­
tiples (M , =  12-90 K) chez quelques tatous fortem ent 
infectes. P ar contre, les transferts (blots) m is en ev i­
dence pour les an ticorps IgM contre M . leprae n ’on l 
revele q u ’une bande unique, large et diffuse, d ’im- 
m unoreactiv ite  a env iron  33 kD a. L 'im m unogene 33 
kD a pouvait etre decele avec une coloration argentique 
m odifiee pour la reactiv ite carbohydratee, ce qui sug- 
gere la presence d ’un constituan t polysaccharidique. 
D e plus, la liaison de la 125 I-concanavaline A au 
constituan t de 33 kD a tem oigne de la presence de re- 
sidus de m annose, de glucose, ou de ces deux sucres a 
la fois.
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Armadillo IgG and IgM Antibody Responses to 
Phenolic Glycolipid-I During Experimental 
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The armadillo, when experimentally in­
oculated with Mycobacterium leprae, de­
velops a disseminated infection similar in 
many respects to human lepromatous lep­
rosy (6-7). In serological studies of leprosy, 
armadillos have advantages over human 
subjects in that a number of armadillos can 
be inoculated at the same time with known 
quantitites ofM. leprae and their serological 
responses can be studied over time in the 
absence of drug therapy. However, studies 
related to the immunological responses of 
M. leprae-infected armadillos have been few 
and, to date, we do not have a concise un­
derstanding of the humoral antibody re­
sponses of armadillos to M. leprae. Using a 
radioimmunoassay, Harboe, et al. (3) dem ­
onstrated increased amounts of antibodies 
to M. leprae antigen 7 during the course of 
experimental infection. In immunoblotting 
studies using l25I-labeled protein A, Chack- 
rabarty, et al. (') have shown the presence 
of antibody to several antigenic components 
of M. leprae in the sera of infected arma­
dillos. Recently, Truman, et al. (1U) have 
shown that estimations of armadillo IgM 
antibodies to an M. leprae-specific antigen, 
phenolic glycolipid-I (PGL-I) (4), can be
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useful in following the course o f the infec­
tion.
In any infectious disease, one would also 
be interested in an analysis of the IgG re­
sponses during the course of the disease pro­
cess. A limitation in the study of IgG re­
sponses of the armadillo has been the 
unavailability of appropriate reagents. To 
detect armadillo IgG antibody, we prepared 
an antibody with specificity to armadillo 
7 -chain (Vadiee, A. R.. Master’s thesis, 
Southeastern Louisiana University, 1985). 
With the availability of an anti-armadillo 
7 -chain-specific reagent and /z-chain-specif- 
ic, crossreactive, anti-human IgM antibody 
( l0), plasma samples from 11 armadillos col­
lected during the course of infection were 
analyzed using ELISAs to assess the IgG and 
IgM responses to PGL-I.
MATERIALS AND M ETHODS
Animals. Nine-banded armadillos (Dasy- 
pus novemcinctus) were captured within a 
30-mile radius o f the Gillis W. Long Han­
sen’s Disease Center (GWLHDC), Carville. 
Louisiana, U.S.A. The anim als were 
screened for wild-type infection with my­
cobacteria once a month for 3 months by 
examining the buffy coats of peripheral 
blood and ear snips for the presence of acid- 
fast bacilli (AFB). Animals found to be neg­
ative for AFB were then inoculated with M. 
leprae. Eleven armadillos were inoculated 
intravenously with 5 x 108 armadillo-pas­
saged M. leprae. Plasma samples were col­
lected prior to inoculation (day 0) and at 
approximately 3-month intervals for a pe­
riod of 1 year. The samples were stored at 
— 20°C until tested.
The 11 animals were inoculated for the 
purpose o f M. leprae production. The 
3-month sampling frequency is routine and 
is based upon the likelihood that more fre­
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quent sampling might kill the animals pre­
maturely. These animals were sacrificed 
when they exhibited a heavy dissemination 
of M. leprae infection based on histological 
examination of ear biopsies. Plasma sam­
ples were analyzed up to approximately 1 
year after inoculation.
Enzyme-linked im m unosorbent assay 
(ELISA). Armadillo IgG and IgM antibod­
ies to PGL-I were detected using a modi­
fication of the method of Cho, et al. (2). 
Armadillo-derived PGL-I, kindly provided 
by Dr. P. Brennan (NIH contract #AI- 
52582), was suspended in 0.05 M carbon­
ate-bicarbonate, pH 9.2 coating buffer by 
sonication for 30 sec at 70 watts using a 
sonifier cell disrupter with a temperature 
control module (Model W1851; Heat Sys­
tem Ultrasonic, Inc., North Tonawanda, 
New York, U.S.A.). The suspension was di­
luted to contain 4G‘/ug of PGL-I per ml in 
coating buffer. Fifty 1^ o f the PGL-I sus­
pension was added to each o f 48 wells of a 
96-well, polyvinyl chloride, flat-bottomed 
microtiter plate (Cook Labs.. Alexandria, 
Virginia, U.S.A.); the remaining 48 wells 
received 50 p\ of the coating buffer. The 
plates were incubated at 4°C overnight. The 
wells were washed three times with 200 #d 
of 0.01 M phosphate buffered saline (PBS), 
pH 7.2, containing 1% bovine serum al­
bumin (BSA), and the wells were blocked 
by incubation with 100 n\ of PBS containing 
5% BSA at room temperature (RT) for 1 hr. 
The contents were aspirated, 50 Ail of the 
armadillo plasma diluted (1:250) in 1% BSA- 
PBS was added to all wells, and the plates 
were incubated at RT for 1 hr.
Attempts at directly conjugating peroxi­
dase molecules to rabbit anti-armadillo 
7 -chain proved unsatisfactory. Therefore, 
for detection of armadillo IgG antibodies to 
PGL-I, 50 m1 of rabbit anti-armadillo IgG 
(7 -chain specific) diluted 1:1000 in 1 % BS A- 
PBS was added subsequent to the primary 
antibody and washing steps. The plates were 
incubated at RT for 1 hr. After washing, 50 
Ail of peroxidase-conjugated goat anti-rabbit 
IgG (Cappel Laboratories, Downington, 
Pennnsylvania, U.S.A.) at 1:1000 dilution 
was added per well for 1 hr. After washing 
the plates, 50 /tl at 0.04 mg/ml solution of 
ortho-phenylenediamine (Sigma Chemical 
Co., St. Louis, Missouri, U.S.A.) containing
0.02% H 20 2 in 0.02 M sodium acetate buff­
er, pH 5.5, was added to each well. The 
plates were incubated at RT for 10 min, and 
the reaction was stopped by adding 5 N HC1 
(50 ^ 1/well). Absorbance at 492 nm was read 
with a spectrophotometer (Titertek Multi­
scan; Flow Laboratories, Richmond, Vir­
ginia, U.S.A.).
An indirect ELISA for measuring arm a­
dillo IgM resulted in an unacceptably high 
background. Therefore, to detect armadillo 
IgM antibodies to PGL-I, 50 p\ of peroxi­
dase-conjugated rabbit anti-hum an IgM 
(//-chain specific; Dako Corp., Santa Bar­
bara, California, U.S.A.), diluted at 1:400 
in 1% BSA-PBS, was added per well and 
incubated for 1 hr. The IgM immunoreac­
tivity was detected as explained above. The 
antibody reactivity to PGL-I for each plas­
ma sample was calculated by subtracting the 
mean absorbance of duplicate samples in 
the wells coated with carbonate buffer from 
the mean of duplicates in the PGL-I-coated 
wells.
Statistical analysis. Results were ana­
lyzed for statistical significance on a Hew­
lett-Packard 984SB computer using the 
Pearson correlation coefficient test and the 
two-tailed paired /-test. Values of p < 0.05 
were considered to be statistically signifi­
cant.
RESULTS
The evolution of IgG and IgM anti-PGL-I 
responses among this group of 11 armadil­
los is shown in Figures 1 and 2. Compared 
to baseline, the IgG and IgM anti-PGL-I 
increased significantly by 97 days postin­
oculation. There were significant progres­
sive increases in the absorbance values up 
to 272 days.
With the exception of animal 383, IgM 
anti-PGL-I absorbances were relatively ho­
mogeneous (Fig. 3). On the other hand, the 
IgG anti-PGL-I responses of individual an­
imals showed marked variations (Fig. 4). 
Beginning from day 272 postinoculation, the 
animals could be divided into two groups 
based on their IgG anti-PGL-I absorbance 
values. Animals in group A had high ab­
sorbance values (>0.7). The other animals, 
designated group B, maintained an IgG anti- 
PGL-I absorbance value o f <0.7. In addi­
tion, the IgG anti-PGL-I absorbance value
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decreased dramatically among most ani­
mals in group B during the terminal stage 
of the disease.
These armadillos were also regularly ex­
amined histologically for the presence of 
AFB in ear biopsies as a means of detecting 
dissemination of the disease. By this crite­
rion, group B animals developed dissemi­
nated disease earlier than group A (288 days 
vs 399 days) and had a shorter mean sur­
vival time (422 days vs 735 days) (The Ta­
ble). However, these differences between the 
two groups were not statistically significant.
DISCUSSION
The observations made on IgM anti- 
PGL-I parallel the findings reported by Tru­
man, et al. ( I0) that M. leprae infection elic­
its a prolonged IgM response to PGL-I in 
armadillos.
IgG anti-PGL-I also showed a significant 
increase with time. Although there was con­
siderable individual variation, a sharp de­
crease in the level o f IgG anti-PGL-I ab­
sorbance values was seen among some of 
the animals during the terminal stage of the
DAYS POST INOCULATION
F ig . 2. IgM anti-PG L -I (see Fig. 1 legend).
disease (Fig. 4: group B, 363 days postin­
oculation). While the reason for this sudden 
decrease is unclear, one possibility could be 
the presence of a high concentration of an­
tigen in the sera with the formation of im ­
mune complexes during the terminal stage 
o f the disease.
Previous studies have shown that arma­
dillos less susceptible to infection with M. 
leprae exhibit a positive lepromin skin test 
(5). These animals also showed a positive 
skin test in response to PGL-I, suggesting 
that PGL-I preparations are capable of elic­
iting a T-cell response in the armadillo. In 
human studies, lymphocyte proliferation to 
PGL-I was shown to be positively correlat­
ed with IgG antibodies to PGL-I (8), also 
implying that T cells are involved in the 
response to PGL-I. Furthermore, Levis, et 
al. (9) have reported high IgG anti-PGL-I 
in some patients with tuberculoid (BT) lep­
rosy, a form of leprosy associated with rel­
ative control of the infection.
We also observed a group of armadillos 
(Fig. 4: group A) with high absorbance val­
ues for IgG anti-PGL-I which appeared to 
be able to delay the dissemination of M. 
leprae infection as compared to animals with
T h e  T a b l e . Comparison o f  IgG absorbance values to PGL-I with longevity and time 
until the appearance o f  AFB in ear biopsies among 11 armadillos inoculated with M. leprae.
T im e o f  appearance o f
A rm adillo  e r o u D  31 365 Longevity (days) AFB in ear biopsy (days)
6 days post-inoculation   —--------------------
(M ean ±  S.E.M .)
A (N =  5) 
B (N =  6)
> 0 .7
<0.7
735 a: 162 
422 *  37
399 -  61 
288 =  26
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low absorbance values. These findings sug­
gest that the ability to control infection with 
M. leprae in both armadillos and leprosy 
patients may be associated with their ability 
to mount an IgG antibody response to 
PGL-I.
While data reflecting antibody responses 
to PGL-I. including ours, are presented as 
absorbance values, these values do not di­
rectly reflect absolute values for IgG or IgM 
antibodies. Antibodies to M. leprae are not 
expected to be protective in leprosy since 
M. leprae is an intracellular organism, but 
production of IgG anti-PGL-I antibodies 
might be a reflection of more competent 
T-cell function than the production of IgM 
antibodies alone. Cho, et at. (:) were the first 
to suggest that the high levels and the per­
sistence of IgM antibody to PGL-I in lep- 
romatous patients may be due to a lack of 
T-helper cell-mediated switch from IgM to 
IgG antibody. Levis, et al. C) and Koster, 
et al. (8) have proposed that a significant 
IgG anti-PGL-I response among pauciba- 
cillary leprosy patients may be due to suc­
cessful T-cell help for an IgM to IgG switch. 
Thus, there may be an association between 
elevated IgG anti-PGL-I responses and the 
T-cell immunological recognition of.I/, lep­
rae.
Finally, the availability of a serological 
test capable of distinguishing armadillos 
with various degrees of susceptibility to M. 
leprae along with histological examination 
of tissue biopsies for the determination of 
disease progression offers opportunities for 
the management of in vivo production o f M. 
leprae. It also could help in the understand­
ing of possible differences in the im muno­
logical capability of less susceptible animals 
(those capable of delaying the onset of dis­
semination of infection) from the more sus­
ceptible animals. The IgG anti-PGL-I assay 
might be one such test.
SUMMARY
The kinetics of antibody responses of M y­
cobacterium leprae-infected armadillos to 
phenolic glycolipid-I (PGL-I) were studied 
by means of ELISA. The levels of both IgG
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and IgM antibodies to PGL-I increased with 
time. Some animals were less susceptible to 
disseminations of M. leprae infection and 
lived longer than others. These animals had 
high absorbance values (>0.7) for IgG anti- 
PGL-I compared to more susceptible ar­
madillos that had lower absorbance values 
for IgG anti-PGL-I.
RESUM EN
U tilizando un inm unoensayo enzim atico  (ELISA) se 
estudio  la cinetica de la respuesta en anticuerpos contra 
el glicolipido fenolico-l (GLF-1) en arm adillos iniec- 
tados con M ycobacterium  leprae. Los niveles de anti- 
cuerpos IgG e IgM aum entaron  con el tiem po. Algunos 
anim ales fueron m enos susceptibles a la infeccion di- 
serm nada con M . leprae y v iv ieron m asq u eo tro s . Esios 
anim ales m ostraron valores m as altos de  absorbancia 
(> 0 .7 )  para IgG an ti-G L F -I que los arm adillos mas 
susceptibles.
RESUM E
La cynetique de la reponse en an tico rps au pheno- 
glycolipide-1 (P G L -l)ch e z  des tatous infectes par M y ­
cobacterium leprae, a ete etudiee au m oyen d ’une 
epreuve ELISA. Les taux d ’an ticorps IgG et IgM au 
PGL-1 on t augm ente avec le tem ps. C ertains anim aux 
etaient m oins susceptibles a  la d issem ination  de  i’in- 
fection par M . leprae, et on t survecu plus longtem ps 
que les autres. Ces an im aux  tem oignaient de valeurs 
d 'abso rp tion  elevees (>  0.7) p ou r les IgG contre P G L -1. 
par rapport aux tatous plus susceptibles qui presen- 
taient des valeurs d ’absorp tion  plus faibles pour ces 
anticorps.
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CHAPTER I I I  The evo lu tion  of antibody response in  arm adillos 
inocu la ted  w ith M. le p ra e .
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ABSTRACT
Plasma from 30 arm ad illo s  (Dasypus novemcinctus) was c o lle c te d  
p r io r  to  in o cu la tio n  and a t  approxim ately 3-month in te rv a ls  fo r  a 
p e rio d  o f 1-3 y e a rs . These anim als were in o cu la ted  in travenously  
w ith 6 .1 x 10® + 2 x 10® (x + S .D .) a rm ad illo -d eriv ed  M. le p ra e .
These samples were analyzed fo r an tib o d ies  o f  IgM and IgG c la ss  to  
phenolic  g ly c o lip id -I  (PGL-I) and to  son ica ted  M. lep rae  components 
usinq  ELISA and immunoblotting techn iques, re sp e c tiv e ly . We had 
p rev iously  observed among a group of 11 a rm ad illo s , th a t  sane animals 
produced and m aintained a  h igh  IgG antibody response to  PGL-I. In 
th i s  study, an an im a l's  a b i l i ty  to  produce and m aintain  an e leva ted  
IgG anti-PG L-I response was s ig n if ic a n t ly  c o rre la te d  with th e i r  
a b i l i t y  to  de lay  d issem ination  of the in fe c tio n  and th e ir  a b i l i ty  to  
surv ive longer. When th e  animals were moribund, a  s ig n if ic a n t 
decrease  in  th e  IgG anti-PGL-I absorbance value was observed. The 
d e tec tio n  o f PGL-I in  th e  plasma samples c o lle c te d  from moribund 
arm ad illo s  suggested th a t h igh concen tra tio n s  o f PGL-I in  th e  plasma 
may have co n trib u ted  to  a  drop in  absorbance values b / th e  form ation 
o f n o n - la ttic e - ty p e  immune complexes in  v iv o .
As d e tec ted  fcy immunoblotting, th e  IgM and IgG response to  
an tig en s  derived  from so n ica lly  d is ru p te d  M. lep rae  was d irec ted  
toward m olecules w ith  broad bands o f im m unoreactivity ranging from 
21-45-kDa. There were no d is tin g u ish in g  fe a tu re s  of these  antibody 
responses among arm ad illos as was evident w ith th e  IgG anti-PGL-I 
responses.
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INTRODUCTION
Leprosy in  man has a  broad c l in ic a l  m an ifesta tio n  determined fcy 
the  h o st p a ra s i te  re la tio n sh ip . The spectrum o f v a r ia tio n  in  
re s is ta n c e  to  in fe c tio n  w ith  Mycobacterium le p ra e  (M. le p ra e ) ranges 
from h ig h ly  r e s is ta n t  (tubercu lo id  leprosy) to  h ig h ly  su scep tib le  
(lepromatous le p ro s y )(19). Nine-banded a rm ad illo s  (Dasypus 
novemcintus) a re  h ig h ly  su scep tib le  to  in fe c tio n  w ith  M. lep rae  (15) 
and when inocu la ted , they  develop p rim arily  leprom atous-type d isease  
(14). Therefore, a rm adillos a re  considered by many in v e s tig a to rs  to  
be a good experim ental model fo r studying  lepromatous lep ro sy . Cne 
c h a r a c te r is t ic  of human lepromatous leprosy , a s  w ell a s  o f in fec ted  
arm ad illos , i s  th e  production o f la rg e  amounts o f an tibod ies ag a in s t 
m ycobacterial an tigens (2 ,21 ). These an tib o d ies  have played a 
s ig n if ic a n t  ro le  in  d esc rib in g  the immunogenic s tru c tu re  o f  M. le p ra e . 
Components such as  an tigen  7 (9), c e l l  w all po lysaccharides (2), 
p ro te in s  (2,18) and phenolic  g ly c o lip id -I  (PGL-I) (6,20,22) a re  
recognized a s  antibody evoking immunogens in  both  humans and 
a rm ad illo s .
Due to  d i f f i c u l t i e s  in  d e tec tio n  of su b c lin ic a l leprosy in  man, 
a  d e sc r ip tio n  o f th e  evolu tion  o f an tibod ies  to  components o f M. 
lep rae  among p a tie n ts  in  the  presence o r absence o f chemotherapy has 
not been rep o rted . Armadillos experim entally  in o cu la ted  w ith  M. 
lep rae  o f f e r  an opportun ity  to  describe  th e  evo lu tion  o f an tib o d ies  
to  M. lep rae  follow ing exposure to  known q u a n titie s  o f M. leprae  and 
in  the absence of chemotherapy.
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This study d e sc rib e s  the ev o lu tion  o f a rm ad illo  IgM and IgG 
an tib o d ies  to  PGL-I and son ica ted  M. le p ra e  using  ELISA and 
immunoblotting.
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MATERIALS AND METHODS 
A rm adillo plasma; Plasma from 30 nine-banded arm adillos was 
c o lle c te d  p r io r  to  in o cu la tio n  (day 0) and a t  approxim ately 3-month 
in te rv a ls  fo r  a  period  o f  1-3 y e a rs . The conditions fo r  adopting th e  
anim als in to  the  colony and th e i r  maintenance have been described 
p rev iously  (21). These anim als were inocu la ted  in travenously  w ith 
6.1 x 10® + 2 x 10® (x + S .D .) a rm ad illo -derived  M. le p ra e .
Enzyme-linked immunosorbent assay  (ELISA): One hundred
ninety-tw o plasma samples were analyzed by means o f ELISA. The 
ELISA, fo r d e tec tio n  of arm ad illo  IgM and IgG an tibod ies to  PGL-I, 
was c a r r ie d  out as described  p rev iously  (22). A rm adillo-derived 
PGL-I was provided by Dr. E&trick Brennan (NIH C bntract #AI-52582, 
Colorado S ta te  U n iv e rs ity ).
P rep ara tio n  o f M. lep rae  e x tr a c ts ; M. lep rae  were provided by 
Dr. E h trick  Brennan (NIH C ontract #AI-52582, Colorado S ta te  
U niversity) as ir ra d ia te d , ly o p h ilized  b a c i l l i  p u r if ie d  frcm the  
lymph nodes of in fe c ted  a rm ad illo s . M. lep rae  (10 mg dry weight) was 
suspended in  3 ml of 0.01 M phosphate b u ffered  s a lin e  (PBS) pH 7 .0 . 
The organisms were d isrup ted  by so n ica tio n  on ic e  fo r  30 min a t  150 
w atts  on a  s o n if ie r  c e l l  d is ru p te r  w ith a tem perature co n tro l probe 
(Model WL851, Heat System, ULtrasonics, In c .,  North Torawanda, L-few 
York, USA) ad ju sted  fo r  8° C. The son ica ted  m a te ria l was a liq u o ted  
and s to red  a t  -20° C u n t i l  used.
Immunoblot; M. lep rae  components (3.33 mg/ml) were separated  by 
SDS-PAGE and e le c tro p h o re tic a lly  tra n s fe rre d  a t  constan t vo ltage  (10 
V) fo r  18 h r  to  BA 85 n itro c e llu lo s e  paper (NCP)(Schleicher and 
Schuell, In c .,  Keene, New Hampshire, USA) in  a tris-g ly c in e-m sth an o l
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b u ffe r, pH 8 .0  (16). A fte r tra n s fe r , th e  NCP was incubated a t  room 
tem perature (RT) fo r  45 min in  0.01 M PBS co n ta in ing  3% bovine serum 
albumin (BSA). The NCP was then incubated w ith  a rm ad illo  plasma a t  
1:50 d i lu t io n  fo r  1 h r  a t  RT. The NCP was washed f iv e  times fo r  5 
min each in  0.01 M PBS con tain ing  0.05% Tween 20. I t  was then 
reac ted  w ith ra b b it an ti-a rm ad illo  gamma-chain a t  1:1000 d ilu tio n  o r  
w ith ra b b it anti-human u-chain a t  1:50 d i lu t io n . The NCP s t r ip s  were 
washed and t re a te d  with peroxidase conjugated goat a n ti- r a b b it  
immunoglobulins (IgM + IgG + IgA) (Cappel L abora to ries, Downington, 
Pennsylvania, USA) a t  1:1000 d ilu t io n . Next, th e  NCP was washed and 
developed w ith H202/horseradish peroxidase (HRP) co lo r development 
reagent fo r  10 min a t  RT as described by the  m anufacturer (Bio-Rad, 
Richmond, C a lifo rn ia , USA). The re a c tio n  was stopped by tra n s fe r  o f 
the  NCP to  5% a c e tic  ac id  in  deionized H2 O.
E x trac tio n  o f PGL-I from arm adillo  plasma: Plasma samples (0.3
-  0 .5  ml) were added dropwise to  5 ml of 95% ethanol, re s u lt in g  in  
the  form ation o f a w h itish  p r e c ip i ta te .  The samples were cen trifu g ed  
a t  1380 x G fo r  10 min and th e  supernatants were decanted. The 
excess ethanol was removed by in v e rtin g  the  tubes and allowed to  
d ra in  fo r 10 min. L ip ids were ex trac ted  from the residue w ith 5 ml 
chloroform :m ethanol (2:1 V/V) a t  50° C overn igh t. The e x tra c ts  were 
cen trifu g ed  a t  1380 x G fo r  10 min. The supernatan ts were removed 
and res id u es  were washed w ith 5 ml of chloroform:methanol (2:1) and 
re -c en trifu g e d . The two supernatants from each sample were combined 
and taken to  dryness a t  50° C under n itro g en . The procedure fo r 
e x tra c tin g  the  PGL-I from the  to ta l  l ip id  e x tra c t  was based on th a t 
o f  Hunter, e t  a l .  (10). B rie fly , d r ie d  l ip id s  were d isso lved  in
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chloroform  and ap p lied  to  a  s i l i c i c  a c id : c e l i t e  column (2:1 V/V).
The column was successive ly  e lu te d  w ith two bed volumes each 
chloroform, 2% methanol in  chloroform and 5% methanol in  chloroform. 
The 2% and 5% e l r a te s  were combined and taken to  dryness under 
n itro g en  a t  50° C and analyzed fo r  PGL-I by th in - la y e r  chromatography 
(TLC) and ELISA.
For TLC, samples were app lied  to  h igh performance s i l i c e l  g e l 
p la te  (Sigma, S t. Louis, MO) and run in  a  so lven t system conposed o f 
e th e r:ace to n e  (3:2, V/V). The p la te s  were a i r  d ried  and PGL-I was 
lo ca ted  by spraying th e  p la te s  with o rc in o l :s u lfu r ic  acid  reagent and 
h e a tin g  in  a d ry ing  oven a t  110° -  115° C fo r  3-5 min. PGL-I a t  5-10 
ug served a s  th e  standard  marker.
For ELISA, th e  samples were suspended in  100 u l o f 0.05 M 
carbonate-b icarbonate  b u ffe r , pH 9 .2 . The samples were fu rth e r 
d ilu te d  1 :4  in  th e  carbonate-b icarbonate  b u ffe r  and were used fo r 
coating  th e  m ic ro tite r  p la te  (50 u l/w e ll) .  The p la te  was incubated 
a t  4° C overn igh t. The w ells were washed 3x w ith 200 u l o f 0.01 M 
PBS pH 7.2, con ta in ing  1% BSA, and blocked by incubation  w ith  100 ul 
o f  0.01 M PBS con tain ing  5% BSA a t  RT fo r  one h r .  The contents were 
a sp ira te d  and 50 ul o f monoclonal antibody F8b4 (kindly provided by 
Thomas Buchanan) d ilu te d  1:500 in  1% BSA/PBS was added to  a l l  w ells. 
The p la te  was incubated a t  RT fo r one h r .  A fter washing, 50 ul o f 
peroxidase-conjugated ra b b it  anti-m ouse IgM (u -ch a in -sp ec ific ) (Cappel 
L abora to ries , Downington, Pennsylvania, USA) a t  1:500 di lu tio n  was 
added per well and incubated fo r one h r  a t  RT. A fte r washing the 
p la te , 50 ul o f  0.04 mg/ml so lu tio n  o f cartho-phenylene diamine (Signa 
Chemical Co., S t. Louis, M0, USA) con tain ing  0.02% H2 O2  in  0.02 M
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sodium a c e ta te  b u ffe r , pH 5.5 , was added to  each w ell. The p la te  was 
incubated a t  RT fo r  10 min, and the  re a c tio n  was stopped iy  adding 5 
M HC1 (50 u l/w e ll) .  Absorbance a t  492 nm was read w ith  a 
spectrophotom eter (T ite r te k  M ultiscan, Flow L aborato ries, Richmond, 
V irg in ia , USA). Wells not coated w ith an tig en  served a s  negative 
c o n tro l. For p o s it iv e  c o n tro ls , 50 ul o f known concen tra tions o f 
PGL-I ranging from 0.025 to  80 ug/ml were used fo r  coating  th e  w ells.
S ta t i s t i c a l  a n a ly s is : R esults were analyzed fo r s t a t i s t i c a l
s ig n if ic a n c e  on a Hewlett-Packard 9845T computer using the one ta i le d  
p a ired  t - t e s t  and t - t e s t .  Vhlues o f p < 0.05 were considered to  be 
s t a t i s t i c a l l y  s ig n if ic a n t .
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RESULTS
Arm adillo an tib o d ie s  to  PGL-1: The evo lu tion  o f IgM and IgG
anti-PGL-I response among a group of 30 a rm ad illo s  i s  shown in  F igure
1. Compared to  th e  b a se lin e  (0 day), th e  anti-PG L-I response 
increased  s ig n if ic a n tly  up to  approxim ately 450 days post in o cu la tio n  
(PI) fo r  IgM and up to  approxim ately 630 days PI fo r  IgG. The IgG 
anti-PGL-I responses o f in d iv id u a l animals appeared to  be 
heterogeneous and in  general two p a tte rn s  of responsiveness to  PGL-I 
were observed a s  e a r ly  as  190 days PI (F igure 2, Groups A and B).
The animals in  Group A had a  s ig n if ic a n t h ig h  IgG anti-PGL-I 
absorbance value throughout the  course of experim ental in fe c tio n . 
Furthermore, a comparison o f IgG anti-PGL-I absorbance value among 
anim als in  Groups A and B a t  363 days PI, when a l l  animals in  both 
groups were s t i l l  a l iv e , showed a  s t a t i s t i c a l l y  s ig n if ic a n t 
d iffe ren c e  in  th e i r  absorbance values (Table 1 ).
When animals in  Group A were compared to  those in  Group B in  
r e la t io n  to  th e i r  longev ity  a f t e r  in o cu la tio n  w ith M. le p ra e , i t  was 
shown th a t  anim als in  Group A survived fo r a longer pe rio d  (1051 <iiys 
vs 563 days) (Table 1 ). The arm adillos used fo r  th is  s tu d / were a lso  
reg u la rly  examined h is to lo g ic a l ly  fo r th e  presence of ac id  f a s t  
b a c i l l i  (AFB) in  ear b io p s ie s  as a means of d e te c tin g  dissem ination 
o f the  d isea se . By th i s  c r i te r io n ,  Group A anim als delayed th e  
d issem ination  o f the d isease  as compared to  those in  Group B (717 
days vs 417 days). These d iffe ren ces  as rep resen ted  in  Table 1 were 
s t a t i s t i c a l l y  s ig n if ic a n t  (p < 0 .01 ).
The animals from both groups were s a c r if ic e d  when they exh ib ited  
a heavy dissem ination  o f M. lep rae  in fe c tio n  as determined by
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h is to lo g ic a l  examination o f th e i r  e a r b io p s ie s . In te re s tin g ly , th e  
b a c te r ia l  lo ad  in  organs lik e  th e  sp leen , l iv e r  and lynph nodes in  
both  populations was q u ite  s im ila r . However, one animal from Group A 
i s  s t i l l  a l iv e  and inform ation regard ing  i t s  b a c te r ia l  load  i s  no t 
a v a ila b le .
Arm adillo an tib o d ies  to  M. lep rae  components: Plasma samples
c o lle c te d  during the  f i r s t  year p o st in o c u la tio n  w ith  M. leprae  from 
a to ta l  o f 9 anim als, 4 from Group A and 5 from Group B (Figure 2 ), 
were se le c te d  and used in  immunobLot a n a ly s is .  The re s u l ts  obtained 
from both groups in d ica ted  a predominant IgM and IgG antibody 
response to  be d ire c ted  toward M. lep rae  components w ith .molecular 
weights ranging from 21 -  45-kDa. These components were a lso  
re a c tiv e  w ith antibody o f th e  IgM and Ic£  c la s s  in  normal plasma (0 
day) in  8 /9  and 2 /9  arm adillos, re sp e c tiv e ly . R epresen tative da ta  as  
derived  by s e le c tio n  o f a given animal from each group i s  p resen ted  
in  F igure 3. One unique arm adillo  from Group B produced an tib o d ie s  
o f IgM and IgG c la ss  to  m ultip le  components o f  M. lep rae  w ith tim e 
p o s t- in o c u la tio n  (Figure 4 ) . M ultip le  bands o f im m unoreactivity 
ranging from approxim ately 5-kEa to  92-kDa were observed when bLots 
were developed fo r  IgG response using  a  plasma sanple c o lle c te d  a t  
363 days P I. IgM response appeared as broad d if fu se  bands o f 
im m unoreactivity. IgM response to  the 65-kDa p ro te in  was observed 
among most animals throughout th e  course o f in fe c tio n . IgG response 
to  the  65-kDa p ro te in  was mostly observed during  the  l a t e r  phase of 
in fe c tio n . The animal with antibody a c t iv i ty  to  m ultip le  conponents 
o f  M. lep rae  showed a very strong IgG response to  the  65-kDa p ro te in  
(Figure 4 ).
A nalysis o f components ex trac ted  from a rm ad illo  plasma by TLC
and ELISA; Eight arm ad illo s , 3 from Group A and 5 from Group B were 
se le c te d  fo r  th is  phase o f  the study. Plasma samples o f each animal 
were se le c te d  a t  4 pe rio d s  and analyzed fo r presence o f PGL-I. These 
included th e  plasma c o lle c te d  p r io r  to  in o cu la tio n  w ith M. lep rae  
(normal) and 3 which were co lle c te d  during the  e a r ly , mid and la t e  
phase of in fe c tio n . Seven out of the 8 plasma samples which were 
c o lle c te d  during th e  l a t t e r  phase o f in fe c tio n  contained conponents 
which had m igration  p a tte rn s  s im ila r to  th a t of standard  PGL-I using  
TLC. These included 2 animals from Group A (animal #1 and #2) and 5 
anim als from Group B (animals #4-8) (Table 2 ). Furthermore, plaana 
samples o f  2 animals in  Group B (animal #5 and #6) which were 
c o lle c te d  during th e  mid-phase of in fe c tio n  a ls o  had components w ith  
m igration p a tte rn s  s im ila r  to  th a t o f  PGL-I (Table 2). A 
re p re se n ta tiv e  m igration  p a tte rn  of sanples c o lle c te d  during the  
l a t t e r  phase of in fe c tio n  from animals in  Group A and B usinq TLC i s  
shown in  F igure 5. A broad s ta in in g  band was observed a t  the  region 
c h a ra c te r is t ic  to  th a t  o f standard  PGL-I. I t  i s  c lea r  th a t  th e  RF 
value o f te s te d  samples a re  s l ig h t ly  sm aller than th a t of standard 
PGL-I. However, i t  i s  be lieved  th a t the  discrepancy may be due to  
the  a sso c ia tio n  o f o th e r components w ith PGL-I. The TLC r e s u l ts  fo r 
each plasma sample were v i s ia l ly  scored and were p resen ted  in  TabLe 
2-
To confirm tlia t the components ex trac ted  from the  plasma were 
PGL-I, we analyzed th e i r  immunoreactivity in  ELISA by using a 
sp e c if ic  monoclonal antibody F8b4 to  PGL-I. The sanples having 
m igration p a tte rn s  s im ila r  to  th a t o f  PGL-I were shown to  be re a c tiv e
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w ith M?U3 F8b4 and, th e re fo re , id e n tif ie d  a s  PGL-I (Table 2 ) . A 
sample co lle c te d  during th e  e a r ly  phase of in fe c tio n  frcm animal #5 
was p o s it iv e  fo r PGL-I in  ELISA, but not TLC.
F igure 1. IgM and IgG anti-PGL-I response o f 30 a rm ad illos during 
the  course of experim ental in fe c tio n . A sterisks in d ic a te  
IgG anti-PG L-I absorbance values s ig n if ic a n tly  d if f e r e n t  
from preceding  absorbance values (pa ired  t - t e s t ) .
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Figure 2. K ine tics  of IgG anti-PGL-I mean + S.E.M. animals in  group 
A (n = ll) ; animals in  group B (n=19).
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Figure 3. Demonstration of an tig en ic  components o f M. lep rae
e l i c i t i n g  IgM and IgG antibody response. A re p re se n ta tiv e  
immunbblot c h a ra c te r is t ic  common to  animals in  group A and 
group B a re  shown h e re . Sonicated M. lep rae  conponents 
were separa ted  by SDS-PAGE and e le c tro p h o re tic a lly  b lo tte d  
on to  NCP. NCP was incubated w ith arm adillo  serum (1:50 
d ilu t io n ) ,  washed, and tre a te d  w ith c la s s -s p e c if ic  
a n tis e ra  (rab b it an ti-a rm ad illo  gamma-chain a t  1:1000 
d ilu t io n ;  ( ra b b it anti-human and mu-chain a t  1:50 
d i lu t io n ) .  ' The NCP s t r ip s  were washed and tre a te d  w ith 
peroxidase-conjugated goat a n t i - r a b b i t  immunoblogulin (IgM 
+ IgG + IgA) a t  1:1000 d ilu t io n .
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Figure 5. Comparison o f the m igration  p a tte rn  o f the  component
e x trac ted  from arm ad illo  plasma w ith th a t  of a stanchrd  
PGL-I, using TLC. Samples were ap p lied  to  high 
performance s i l i c e l  g e l p la te  and run in  a  so lven t system 
composed o f e th e riace to n e  (8:2, v /v ) . Sanples were 
lo ca ted  using o rc in o l:s u lfu r ic  ac id  reag en t. lan es  1-4, 
components ex trac ted  from plasma o f 4 a rm ad illo s  during 
the  l a t t e r  phase of in fe c tio n .
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______________________________________ TABLE 1_______________________________________
Comparison of IgG absorbance values to  PGL-1 w ith  longev ity
and time u n t i l  th e  appearance of AFB in  ear b io p s ie s  among 30 arm adillos
inocu la ted  w ith  M. leo rae
Arm adillo Group
IgG ELISA a t  
360 Days Post 
Ino cu la tio n  
(OD 3 492nm)
Longevi ty  
(Days)
Time to  AFB 
Appearance in  
Ear Biopsy 
(Days)
High IgG A nti- 0.745 + 0.0683 1051 + 65 717 + 139
PGL-1 Responder
(i*=ll)
Low IgG A nti- 0. 2j-2 + 0.038 563 + 41 417 + 39
PGL-1 Responder
(N=19) p < 0 . 0 0 1 b p < 0 . 0 1 b
a Values expressed as  nean + SEM 
b t - t e s t ,  one ta i le d
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TABLE 2
R esu lts  obtained from th in  lay e r chromatography (TIC) and 
ELISA a n a ly s is  o f the components ex trac ted  from arm ad illo  plasma. 
______________________ TLC5 _____________________ ELISA*3  (ABS 492nm)
Animal
Number
Normal 
(P re -In f.)
E arly Mid
In f .
Late Normal E arly  
(P re - In f .)
Mid
In f .
L ate
1 - - - + 0 . 0 0.04 0.09 0 . 1 0
2 - - - + 0 . 0 0.05 0 . 2 0 0.14
3 - - - - 0 . 0 0 . 0 0 0 . 0 0 0 . 0 0
4 - NDC - + 0 . 0 0 . 0 0 0.07 0.19
5 - - + + 0 . 0 0 . 1 2 0.17 0.14
6 - - + + 0 . 0 0 . 0 2 0.06 0.14
7 - ND - + 0 . 0 ND 0 . 0 1 0.08
8 - - - + 0 . 0 0 . 0 0 0 . 0 0 0 . 1 0
a TIC values were scored su b jec tiv e ly  based on in te n s i ty  o f the  s ta in ed  
band.
b ELISA absorbance values for normal plasma were considered a s  base 
lin e , and i s  p resen ted  here  as  zero . Subsequent values were derived  
by th e i r  su b trac tio n
from the  preceeding normal plasma value.
G ND = no t done.
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DISCUSSION
In the  p re sen t study, the  evo lu tion  o f  IgG and IgM an tibod ies o f  
arm adillos to  PGL-I and to  son icated  M. lep rae  were analyzed using 
ELISA and immunoblotting.
Longitudinal IcflVI and IgG responses o f a  la rg e r  group of 
arm adillos to  PGL-I were performed in  o rder to  confirm  our previous 
fin d ings (22) and to  d is tin g u ish  the  high and low IgG anti-PGL-I 
responders fo r  th e i r  fu r th e r  c h a ra c te r iz a tio n  regard ing  th e i r  
antibody response to  o th e r M. lep rae  conponents.
The r e s u lts  o f the  p resen t study s u b s ta n tia te  our previous 
fin d ings (22), in  th a t, IgM anti-PGL-I absorbance v a lues-increase  
w ith time p o s t- in o c u la tio n . This response was q u ite  homogeneous and 
i t  p e r s is ts  throughout the  course o f in fec tio n , probably due to  the 
a v a i la b i l i ty  of a continuous source o f an tig en . In comparison to  th e  
IgM response, the  absorbance values fo r IgG anti-PGL-I were 
considerably  h igher and the  response was heterogeneous. As repo rted  
p rev iously  (2 2 ), and a ls o  in  th is  study, due to  the heterogene ity  in 
absorbance values fo r  IgG anti-PGL-I, we were ab le  to  separa te  
arm adillos in to  two groups. Group A rep re sen ts  those 'with high 
absorbance values fo r  IgG anti-PGL-I response, whereas Group B 
rep resen ts  the arm adillos w ith low absorbance values fo r IgG 
anti-PG L-I. The animals in  Group A, in  r e la t io n  to  those in  Group B, 
were capable o f delay ing  the  d issem ination of M. lep rae  in fe c tio n  as 
measured by time to  appearance o f  AFB in  ea r b io p s ie s . Ihese animals 
a lso  had a longer l i f e  span. These d iffe ren ces  e x is tin g  among the  
two groups were s t a t i s t i c a l l y  s ig n if ic a n t when a  la rg e r group o f 
anim als was analyzed.
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■In human s tu d ie s , Levis, e t  a l .  (17) have repo rted  h igh  IgG 
anti-PGL-I in  some p a tie n ts  w ith tu b ercu lo id  (BT) leprosy , a  form o f  
leprosy  th a t  i s  a sso c ia ted  w ith  c o n tro llin g  th e  in fe c tio n . When 
Gormus, e t  a l .  (3) analyzed lo n g itu d in a l serum samples o f  M. 
le p ra e - in fe c ted  sooty zar.gabey monkeys fo r an tib o d ie s  o f IgG and IgM 
c la ss  to  PGL-I, they rep o rted  th a t  h ig h  IgG and low IgM anti-PGL-I 
le v e ls  a re  a sso c ia ted  w ith le s s  severe d isea se . Therefore, th e re  may 
be an a sso c ia tio n  between e lev a ted  IgG anti-PG L-I responses and 
upgrading o f immunological responsiveness to  M. le p ra e .
We had p rev iously  deserved a sharp drop in  absorbance values fo r  
IgG anti-PGL-I among 4 o f 11 anim als during th e  l a t t e r  phase o f 
in fe c tio n  and a t  a time when the  anim als were moribund (2 2 ). 
S ig n if ic a n t decrease in  IgG anti-PGL-I le v e ls  have a lso  been 
d escribed  in  M. le p ra e - inccu lated  sooty mangabey monkeys (8 ). These 
u su a lly  preceded and /o r corresponded to  periods o f c l in ic a l  
p rogression  of the  leprosy  symptoms. Since th e  drop in  absorbance 
values was in  p a ra l le l  tc  th e  system ic d issem ination  o f in fe c tio n  a s  
m anifested by b a c te r ia  in  buffy  co a ts , i t  was specu la ted  th a t  h igh  
concen tra tions of an tigens l ik e  PGL-I in  the  plasma could in fluence  
the  r e s u l ts  of th e  antibody d e tec tio n  assay  ty  In  vivo complexing o f  
an tigens w ith seme or a l l  of the serum a n tib o d ie s . Previous 
in v e s tig a to rs  have dem onstrated th a t  th e
3 ,6-di-o-m ethvl-3-D -gluccc.'ranose i s  the hapten determ inant of the 
sp e c ie s -sp e c if ic  g ly c o lic id  (4 ,7 ,1 1 ). Therefore, due to  the  p o ss ib le  
monovalent na tu re  of PGL-I upon an tigen  antibody in te ra c t io n  one 
would not expect the form ation of a l a t t i c e  as commonly seen in  
p re c ip i ta t in g  immune complexes. This may exp lain  our d i f f ic u l ty  in
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dem onstrating immune complexes using polyethylene g lyco l (data not 
shown). Consequently, we analyzed th e  plasma samples fo r th e  
presence o f PGL-I. A nalysis of se le c ted  plasma sanples o f 8  
re p re se n ta tiv e  anim als, 3 from Group A and 5 from Group B, in d ica ted  
the  presence of PGL-I in  the  plasma of 6  ou t o f  8  anim als. This was 
based on th e  m igration p a tte rn  of the  e x trac ted  component on TLC as 
compared w ith  th a t of standard  PGL-I and confirmed by i t s  
im m unoreactivity w ith MAB F8b4 using ELISA. The presence o f  PGL-I in  
plasma was observed p rim arily  in  samples c o lle c te d  during the 
term inal phase o f  d isease  and correspondingly a t  a time in  which a 
Irop  in  IgG anti-PGL-I absorbance value was observed. Therefore, i t  
i s  be lieved  th a t  th i s  drop in  absorbance value may be due to  
form ation of complexes between high a f f in i t y  IgG molecules and PGL-I 
in  th e  plasma. This may be viewed as in  vivo an tigen  excess in  which 
the  degree of drop in  absorbance value may vary  based on the amount 
o f an tigen  bound to  antibody p r io r  to  the a p p lic a tio n  o f plasma to  
the  antibody d e tec tio n  assay . A s ig n if ic a n t  drop in  absorbance 
values fo r  IgM anti-PGL-I an tibod ies was not re a d ily  observed among 
anim als in  Group A and B. A p o ssib le  exp lanation  could be due to  a 
h igher concen tra tion  o f h igh  a f f in i t y  IgG anti-PG L-I molecules which 
out compete the  low a f f in i ty  IgM anti-PGL-I m olecules.
F in a lly , the  a b i l i ty  to  d e te c t M. lep rae  an tigens l ik e  PGL-I in  
b io lo g ic a l sanples such as  plasma may provide a p o te n tia l ly  usefu l 
to o l fo r th e  d iagnosis of lepromatous lep rosy , bu t such antigens do 
not appear promissory fo r e a r ly  d e tec tio n  o f d isea se  in  arm adillos 
because they a re  u s ta l ly  abundant a t  a time in  which c l in ic a l  s igns 
and symptoms a re  about to  take p lace. Presence o f PGL-I in  plasma of
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human p a tie n ts  was a lso  repo rted  (5,23) and i t s  s ig n ific a n ce  in  
d e tec tio n  o f su b c lin ic a l leprosy  has y e t  to  be determined.
The plasma of s e le c te d  animals in  Group A and B were fu rth e r 
analyzed fo r  an tib o d ies  of IgM and IgG c la s s  to  son ica ted  M. lep rae  
components fcy means o f immunobLotting. The predominant IgM and IgG 
responses were d ire c ted  toward th e  M. lep rae  components w ith 
m olecular weights ranging from 21 -  45-kDa. S im ilar observations, 
p a r t ic u la r ly  w ith re sp ec t to  the  m a te ria l w ith  m igration  p a tte rn  a t  
the  reg ion  o f 33-kDa, was a ls o  rep o rted  in  lepromatous p a t ie n ts  (2). 
The sera  from arm adillos having system ic in fe c tio n  w ith  M. 1eprae 
were a ls o  shown to  re a c t s ig n if ic a n tly  w ith  33-kDa component (2 ,21). 
We have p rev iously  shown th a t  the  components w ith  broad d if fu se  
s ta in in g  bands a re  g lycopro te in  in  natu re  (21). Others have a ls o  
shown, upon e lec tro p h o res is  and immunoblotting, th a t  so lub le  
fra c tio n s  o f  d isru p ted  M. lep rae  produced a  major an tig en  w ith an 
apparent m olecular mass of 30 -  50-kDa (1 ,13 ,18 ). This product has 
now been id e n tif ie d  as LAM (12). Based on our observations and th ose  
o f o th e rs , i t  appears th a t the major arm ad illo  antibody a c t i v i t i e s  
a re  d ire c te d  ag a in s t LAM. This could r e f le c t  th e  r e la t iv e  
immuno-dominance and/or a c c e s s ib i l i ty  of LAM in  in ta c t  b a c i l l i .  
Furthermore, th e  d e tec tio n  o f an tibod ies to  LAM in  the  plasma o f 
a rm adillos p r io r  to  th e i r  in o cu la tio n  w ith M. lep rae  i s  suggestive o f 
th e  ubiqu itous nature  o f the  an tigen .
I t  i s  u su a lly  d i f f i c u l t  to  v e rify  whether th e  33-kDa 
g lycopro te in  i s  a s in g le  substance or a m ixture o f 2 o r 3 substances 
w ith s im ila r  m olecular w eights. Based on th e  IgG immunobLot r e s u l ts  
seen in  F igure 4, i t  appears th a t beneath th i s  common bread d if fu se
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band of immunoreactivity a t  the reg ion  o f 33-kDa, th e re  a re  as  marry 
as 3 d i s t in c t  bands of im m unoreactivity. As u su a lly  seen in  IgM-type 
response (F igure 4 ), th e se  components were not re a d ily  observed. A 
ty p ic a l example o f one such molecule i s  th e  28-kEa p ro te in .
Recently, th e  gene fo r a 28-kDa p ro te in  of M. lep rae  has been cloned 
and was shown to  be an in p o rt ant ta rg e t  o f the  humoral response in  
leprctnatous leprosy  (3). Fu rther an a ly s is  of th e se  components may 
prove in p o rtan t in  th e  immunology of leprosy .
The 65-kEa p ro te in  was a ls o  recognized as antibody evoking 
immunogen in  arm ad illos. Although in  our previous study (21), we 
have shown th e  a b i l i ty  o f th i s  molecule in  inducing artibody o f IgG 
c la s s , most animals analyzed h e re  had antibody o f Id ! c la s s  to  th is  
m olecule. However, the  one animal w ith antibody a c t iv i ty  to  m ultip le  
components of M. lep rae  a ls o  had a very in ten se  band of IgG 
im m unoreactivity to  th e  65-kEa p ro te in . These observations suggest 
the  in d iv id u a l animal v a r ia tio n  in  antibody response to  the  65-kDa 
m olecule. Also, antibody responses o f arm adillos to  rh e  IIIE9 
ep itope  of the 65-kDa p ro te in  of M. lep rae  have bear analyzed using a 
co n p e titio n  binding assay . This assay incorporated  crude c e l l  w all 
e x tra c t  of M. lep rae  o r p u r if ie d  recombinant 65-kDa as an tigen  source. 
This ep itope  did not appear to  be immunogenic. (Ifer.uscript 
subm itted). F in a lly , a ttem pts were made to  d e fine  lyrphocyte b la s t  
transfo rm ation  d iffe ren ces  in  high and low IgG PGL-I responders. 
However, th e  r e s u l ts  were h igh ly  v a ria b le  w ithin  and between groups 
(cfeta not shown). In conclusion, as shown here , a r r a d i l lo  antibody 
a c t iv i ty  increased  s ig n if ic a n tly  w ith time p o s t- in o c u la tio n  and th is  
was d ire c ted  p rim arily  toward LAM as w ell a s  PGL-I. Furthermore, a l l
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anim als, re g a rd le ss  of th e i r  a b i l i t y  in  mounting an e levated  le v e l  o f 
1^3 anti-PGL-I response, shewed a s im ila r  lo n g itu d in a l p a tte rn  o f  IgG 
and IgM response to  son ica ted  M. lep rae  components.
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ABSTRACT
A r-om petitive antibody binding  assay  (CABA) was developed to  
d e tec t an tib o d ies  in  in fe c ted  arm adillos and lep rosy  p a tie n ts  which 
compete with an M. le p ra e -sp e c if ic  125j monoclonal antibody IIIE9 
(MAB-IIIE9) fo r  th e  sp e c ie s -sp e c if ic  M. le p ra e -IIIE 9  ep itcpe  on th e  
65-kDa p ro te in . The CABA re s u l ts  suggest arm adillos and leprosy 
p a tie n ts  produce an tibod ies th a t  in h ib i t  the  binding o f  ^ 2 5 j_ jj jEg MAB 
to  the IIIE9 ep itcp e  on crude, n a tiv e  65-kDa p ro te in  p repara tions.
Wien p u r if ie d , recombinant 65-kEa p ro te in  was su b s titu te d  fo r crude 
an tigen , th e re  was no evidence in  the  CABA o f antibody to  the IIIE9 
ep ito p e . E b lse -p o s itiv e  r e s u l ts ,  p o ssib ly  induced by s te r ic  
h indrance, a re  l ik e ly  to  be a sso c ia ted  w ith CABA which incorporate  
crude c e l l  w all e x tra c ts  as  so lid  phase an tigen .
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INTRODUCTION
A ctivation  of the  immune system during  in fe c tio n  g en era lly  lead s  
to  the  p ro l i f e r a t io n  and c lonal expansion o f sp e c if ic  T and B 
lymphocytes producing among o ther th in g s , lymphokines capable o f 
modulating the  a c tio n s  o f o th e r lymphocytes and accessory  c e lls , a s  
w ell as s p e c if ic  an tibod ies d ire c te d  ag a in s t an tig en ic  determ inants o f  
the  in fe c tio u s  organism. Serodiagnostic  t e s t s  have been designed to  
take advantage o f the  presence o f sp e c ie s -sp e c if ic  an tibod ies produced 
during the  h o s t 's  immune response and have provided powerful to o ls  to  
diagnose and monitor in fe c tio u s  d iseases .
Development of se ro lo g ica l t e s t s  designed to  d e tec t a sp e c if ic  
antibody population  req u ire s  e i th e r  the  p u r if ie d  ta rg e t  antigen, in  a 
form capable o f  binding population  antibody p resen t in  t e s t  samples, 
o r  a second antibody p rep ara tio n  d ire c te d  a g a in s t sp ec ie s -sp e c if ic  
an tig en ic  determ inants which can be used in  a  com petitive antibody 
binding assay  (CABA). The CABA i s  p a r t ic u la r ly  su ite d  when p u rif ie d  
an tigen  p rep ara tio n s  from the in fe c tio u s  agent a re  not av a ilab le  as i s  
the  case w ith d if f ic u lt- to -g ro w  microorganisms, such as M. le p ra e .
The CABA has been employed to  d e tec t an tib o d ies  to  sp e c if ic  p ro te in  
a n tig e n ic  determ inants of M. lep rae  and M. tu b e rcu lo s is  (16). In each 
o f th ese  assays monoclonal an tib o d ies  (MAB) were used as the  
com petitive  reagent and crude e x tra c ts  of the  mycobacteria were used 
a s  an tigen .
The premise upon which m ycobacterial CABA's a re  cu rre n tly  founded 
i s  th a t  lab e led  MAB d ire c te d  ag ainst a defined  ep itcpe  in  crude 
an tig en  e x tra c ts  would be blocked by antibody in  serum of humans 
exposed to  th i s  in fe c tio u s  agent. A major advantage of th is  assay i s
4
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th a t  antibody, s p e c if ic  fo r  a  s in g le  ep itope  in  serun which con ta in s 
m u ltip le  s p e c if ic i ty  can be d e tec ted  which m irro rs  th a t o f the MAB.
An a d d itio n a l advantage is  th a t  s p e c if ic i ty  i s  not lo s t  fcy u t i l iz in g  
crude an tig en  e x tra c ts .
Conversely, a  d isadvantage o f CABA which uses crude an tigen  
p rep a ra tio n  i s  th e  e f f e c t  upon sp e c if ic  antibody binding (e ith e r  
lab e led  MAB o r t e s t  sera) by o th e r serum an tib o d ie s  which bind to  
a n tig e n ic  determ inants lo c a ted  in  c lo se  proxim ity to  th e  ta rg e t 
ep itcp e . This phenomenon, re fe rre d  to  as s t e r i c  hindrance, may p lay  a 
ro le  in  blocking th e  s p e c if ic  re a c tio n  which may lead  to  
f a ls e -p o s i t iv e  r e s u l ts .  One approach by which to  examine the  ro le  of 
s t e r i c  hindrance and th e  degree to  which i t  in fluences a given s e t  o f 
d a ta  i s  to  compare r e s u lts  derived  from CABA in  which crude an tigen  
was employed w ith fin d in g s  in  experiments where p u r if ie d  n a tiv e  
p ro te in  of recombinant p ro te in  has been used a s  the  an tigen  source. 
U ifo rtu n ate ly , in  most s i tu a t io n s , p u r if ie d  n a tiv e  p ro te in  or 
recombinant p ro te in  con tain ing  the  ep itope o f in te r e s t  a re  not re a d ily  
a v a ila b le . As a r e s u l t  most in v e s tig a to rs  continue to  use th e  CABA 
w ith  crude an tigen .
We were in te re s te d  in  evalua ting  the  p o te n tia l  o f arm adillo  
an tib o d ies  d ire c ted  to  an M. le p ra e -s p e c if ic  ep ito p e  (IIIE9) on th e  
6 5 -k ilo d a lto n  (kDa) p ro te in , fo r  development o f an assay  which d e te c ts  
su b c lin ic a l lep ro sy . To circumvent th e  laborious an tigen  p u r if ic a t io n  
process and, tak in g  advantage o f a v a ila b le  MAB to  the IIIE9 epitope, 
we se le c te d  th e  com petition antibody binding assay to  analyze 175 
serum sanples fo r antibody to  IIIE9 ep ito p e  c o lle c te d  fran  26 anim als 
during th e  course o f M. lep rae  in fe c tio n . During the  course o f th i s
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study, recombinant 65-kEa p ro te in  (r65-kDa) became av a ilab le  and th e  
s p e c if ic i ty  of our da ta  was evaluated by comparison o f re s u lts  
obtained from CABA develcped w ith n o n -pu rified  n a tiv e  an tigen  to  th a t  
o f  CABA developed using p u r if ie d  r65-kDa p ro te in . The find ings 
suggest th a t  f a ls e  p o s it iv e  r e s u l ts ,  due to  s t e r i c  h indrance, can 
occur when crude c e l l  w all e x tra c ts  of M. lep rae  a s  the source o f 
IIIE9 ep itcp e , a re  used in  th e  CABA.
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MATERIALS AND METHODS
A rm a d il lo  s e r a
Serum samples were co lle c te d  from 26 nine-banded arm ad illos  p r io r  
to  in fe c tio n  (day 0 ) and then  a t  3-month in te rv a ls  fo r  a period  o f one 
to  th ree  y ears. The cond itions fo r adap ting  anim als in to  the  
a rm ad illo  (Dasypus novemcinctus) colony and th e i r  maintenance have 
been described p rev iously  (17).
P a tie n t se ra
Serum sanples taken from 4 lep rosy  p a tie n ts  were supplied  by Dr. 
W. R. Levis (Bayley Seton H ospital Medical College, New York, NY).
Each serum sample had been id e n tif ie d  a s  p o s it iv e  fo r  an tib o d / to  
IIIE 9  ep itope  in  CABA using crude c e l l  w all e x tra c t  (personal 
communication).
P rep ara tio n  of M. lep rae  e x tra c ts
Ir ra d ia te d , lyo p h ilized , M. lep rae  p u r if ie d  from lynph nodes o f 
in fe c ted  a rm ad illos was provided by Dr. P a tr ick  Brennan (NIH co n tra c t 
AI-52582, Colorado S ta te  U n iv e rs ity ). B a c il l i  (24 irg dry weight) were 
suspended in  3 ml o f  0.01 M phosphate buffered  s a l in e  (PBS), pH 7 .2 . 
The organisms were d isru p ted  by so n ica tio n  fo r 30 min a t  4°C a t  130 
w atts on a s o n if ie r  c e l l  d is ru p te r  w ith a ten p era tu re  co n tro l module 
(Model W1851, Heat System; U ltrason ics, In c ., North Tonawanda, N.Y., 
USA). The son ica ted  m a te ria l was sedimented a t  10,000 x g fo r  10 min 
a t  4°C. The supernatant f lu id  (10 ks) had a p ro te in  concen tra tion  of 
7.15 mg/ml using p ro te in  estim ation  assay  (13). The p e l l e t  (10 kp) 
was resuspended in  3 ml o f 0.01 M PBS, pH 7.2, and was determined to  
have 8  mg p ro te in /m l. A liquots of th e  10 kp were frozen a t  -20°C.
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The expression 10 kp and crude c e l l  w all e x tra c t o f  M. leprae  w i l l  be 
used in terchangeab ly .
P rep ara tion  o f recombinant 65-kDa (r65-kDa) p ro te in  o f M. lep rae
The procedure used to  clone and express th e  gene which encodes 
the  65-kDa p ro te in  has been described  (12). Crude p ro te in  e x tra c t 
p repared  from recombinant E. c o li  T65-3.61, expressing th e  65-kEa 
p ro te in , were prepared by d is ru p tin g  th e  b a c te r ia l  suspension in  a 
French P ress. A so lu b le  form of the  r65-kEa p ro te in  was prepared by 
resuspending th e  in so lu b le  f ra c tio n  o f the b a c te r ia l  ly sa te  in  PBS 
which contained  1% sodium dodecyl s u lfa te  (SDS), ImM EDTA and lmM 
benzamidine HC1, [pH 7.0] follow ing c e n tr ifu g a tio n  a t  15,000 x g x 15 
min. The an tigen  p re p a ra tio n  was e q u ilib ra te d  by d ia ly s is  ag a in s t 50 
mM tris-H C l, 150 mM NaCl, 10 mM EUTA, pH 8 .0 . P u r if ic a t io n  of 
r65-kDa, from the  crude so lub le  e x tra c t, was accomplished using 
a f f in i t y  chromatography w ith monoclonal antibody IIC 8  (8 ) .
Immunoblot
The immunoblot technique used to  d e te c t a rm adillo  IgG an tib o d ies  
to  an tigens o f M. lep rae  was done as described  p rev io u sly  (17). 
B rie fly , 800 u l which contained 0.66 mg/ml of p u r if ie d  r65-kDa p ro te in  
was mixed w ith  800 ul o f  2 x b u ffe r (0.1 M Tris-HCl, 4% SDS, 10% 
2-mercapto ethanol (2ME), 01% g ly cero l, 0.025% bromophenol blue) 
b o ile d  fo r  3 min and loaded (100 u l/w e ll)  onto a  12% polyacrylam ide 
g e l. The an tigen  was electrqphoresed  fo r  4 h r  a t  45 mA and then 
tra n s fe rre d  to  BA85 n itro c e llu lo s e  paper (NCP) (Schleicher and 
Schuell, In c ., Keene, N.H., USA) a t  constan t vo ltage  (lOv) overnight 
in  a tr is -g ly c in e -m e th an o l b u ffe r, pH 8 .0 . The NCP was cut in to
65
s t r ip s ,  and each s t r i p  was incubated w ith a 1:30 d ilu tio n  o f th e  
ap p ro p ria te  arm adillo  serum fo r one h r  a t  room tem perature (KT). 
Following th ree  wash s tep s  in  1% bovine serun a lb u n in  (BSA)-PBS, th e  
s t r ip s  were incubated w ith  ra b b it a n ti-a rm a d illo  IgG, gamma-chain 
s p e c if ic  a t  1:100 d i lu t io n  fo r one h r .  A fte r washing in  BSA-PBS, th e  
s t r ip s  were placed in  a 1:500 d i lu t io n  of goat a n t i - r a b b i t  IgG, IgM, 
IgA-peroxidase conjugate fo r  1 h r , followed by th e  ad d itio n  o f 
H2 0 2 /h o rse rad ish  peroxidase (HRP) (BioRad, Richmond, C a., USA) fo r  10 
min a t  RT.
R adiolabelinq of monoclonal antibody (MAB) IIIE9
Murine MAB IIIE9 was p u r if ie d  from a s c i te s  by MftPS I I  a f f in i t y  
chromatography by methods described  by the  m anufacturer (BioRad, 
Richmond, Ca., USA) , and io d in a ted  w ith c a r r ie r - f r e e  ISh -^25j (jcjj 
Pharm aceuticals, In c ., Irv in e , Ca.) by th e  chloramine T method 
(9).
Competition antibody binding  assay (CABA)
Immulort§> I remove-a-well m ic ro ti te r  p la te s  (Dynatech 
la b o ra to r ie s , Va., USA) were coated w ith 100 u l o f  M. lep rae  10 kp 
(0.2 mg/ml) or w ith  100 u l o f a f f in i t y  p u r if ie d  r65-kE& p ro te in  a t  0.2 
ug/ml d isso lv ed  in  60 mM carbonate b u ffe r  pH 9.2  a s  coating  b u ffe r.
The assay was performed on th ese  p la te s  a f te r  one wash w ith  0.01 M 
PBS, 7.0 and a 30 min blocking s te p  w ith  0.01 M PBS which contained 
3% BSA. B rie fly , 50 ul o f io d in a ted  MAB IIIE 9  a t  1:50 d ilu tio n  
con tain ing  2 x 10^ CPM and 50 u l o f a rm ad illo  serum d ilu te d  1:15 o r 
1:5 human serum were added to  w ells and incubated a t  4°C overnight. 
Each well was washed 6  tim es w ith  0.01 M PBS pH 7.0 (250 u l per w ell) 
to  remove unbound components and then  flick e d  d r ie d . Indiv idual w ells
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were cu t out from each p la te  and counted in  a gamma counter (Model 
4000, Beckman Instrum ents, In c ., F u lle rto n , Ca.) and the  re s u lts  were 
expressed a s  percen t in h ib it io n  (%I) using  the  follow ing formula:
% in h ib i t io n  = 100 -  % Bound
% Bound= l-[(*CPM 100% Bound-CPM t e s t  sample)/*cpm 100%bound)] x 100
The 100% bound co n tro l was obtained from counts observed when 
1 2 5 i_ ii ie 9  Was added to  an tigen  p la te s  in  th e  presence o f 1% BSA/PBS. 
*CPM 100% bound = an tig en  + A ll experim ental values
were co rrec ted  fo r  background due to  nonspecific  binding of reagen ts 
w ith uncoated po lysty rene  remove-a-well p la te s .  Background counts did 
not exceed 500 CPM.
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RESULTS
Antibody com petition a n a ly s is  using  M. lep rae  10 kp
A t i t r a t i o n  o f 1 4 ^ 3  ag a in s t crude c e l l  w all an tigen
e x tra c t  of M. lep rae  (lOkp), a s  the source o f IIIE9 epitope, was done. 
In  th i s  experiment 125j_juEf> a t  1 x 10^ CPM, and 10 kp a t  0.2 
mg/ml, was chosen in  o rder to  maximize the  s e n s i t iv i ty  w ith minimal 
reagen t usage (data not shown). The s p e c if ic i ty  o f th e  CABA was 
examined in  a  com petition  between lab e led  IIIE 9  MAB and non-labeled 
IIIE 9 MAB. An ir r e le v a n t  MAB D2 D3  which recognizes a  28 kEa p ro te in  
o f M. lep rae  was included a s  a c o n tro l. Binding o f to
the  IIIE 9  ep itope  in  th e  crude c e l l  w all e x tra c t increased  as th e  
co n cen tra tio n  of cold IIIE 9  MAB was reduced (Fig. 1 ). In  add ition , 
i r r e le v a n t  MAB D2 D3  did  not in te r f e r e  with th e  binding o f jgg
MAB to  the IIIE 9 ep ito p e .
Normal a rm ad illo  se ra  as w ell as sera c o lle c te d  a t  100 and 363 
days p o s t- in o c u la tio n  were t i t r a t e d  a g a in s t M. le p ra e  (Fig. 2a and 2 b ). 
Based upon t i t r a t i o n  find ings o f sera  c o lle c te d  a t  363 days 
p o s t- in o c u la tio n , a  1:30 d i lu t io n  was chosen fo r th e  CAM. Then th e  
optim al cond itions were determined, th e  assay was performed fo r 
d e tec tio n  o f arm adillo  an tib o d ies  to  th e  M. le p ra e -sp e c if ic  ep itope 
(IIIE9) on the  65-kDa p ro te in  (Fig. 3 ). 'One-hundred seven ty -five  
serum samples taken from 26 arm ad illos were examined. The re s u lts  a re  
p resen ted  as  % in h ib it io n . To determ ine a p o s it iv e  response a  mean of 
th e  % in h ib itio n  by the normal se ra  ( 0  day) + 2  standard  d ev ia tio n  was 
designated  a s  b a se lin e . Therefore, a p o s itiv e  response was defined as
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>_ 22% in h ib it io n . The se ra  from each animal were p o s itiv e  fo r  
a n tib o d ie s  to  the  IIIE9 epitope, p rim arily  during  the time when 
anim als a re  burdened w ith  dissem inated b a c i l l i  (F ig. 3 ). The le v e l o f  
M. lep rae  d issem ination  was assessed  on th e  presence o f a c id - fa s t  
b a c i l l i  in  th e  buffy  coat o r in  ear sn ip  b io p s ie s .
IgG response o f M. le p ra e - in fe c te d  arm ad illo s  to  r65-kEa p ro te in  
To determ ine i f  a rm adillo  an tib o d ies  d ire c te d  to  the  n a tive  
65-kDa p ro te in  a ls o  bind to  r65-kDa, serum sanples from 16 arm adillos 
were te s te d  by Western b lo t  using p u r if ie d  r65-kEa as the  an tigen  
source. The serum samples te s te d  were c o lle c te d  l a t e  in  in fec tio n , 
a f te r  d issem ination  o f M. lep rae  had occurred . Immunoreactivity was 
observed a t  the  reg ion  o f 65-kDa in  the  se ra  o f 15 o f the 16 animals 
te s te d  (Fig. 4 ) . P re - in fe c tio n  serum showed no evidence o f 
anti-r65-kD a a c t iv i ty .
Antibody com petition a n a ly s is  using a f f in i t y  p u r if ie d  r65-kDa p ro te in  
A p re lim inary  t i t r a t i o n  in d ica ted  th a t  125j_j];j29 MAB (1 x 1 0 ^ 
CPM) and p u r if ie d  r65-kDa a t  0 .2  ug/ml was optim al fo r the  assay (data 
not shown). When the  s p e c if ic i ty  o f th e  CABA, p u r if ie d  r65-kDa 
p ro te in  a s  the  source of IIIE9 ep itope  was examined (Fig. 5), th e  
binding c h a r a c te r is t ic s  were s im ila r to  those  seen fo r  n a tiv e  IIIE 9  
ep itope (Fig. 2 ). Next, th e  CABA in co rp o ra tin g  r65-kEa p ro te in  was 
performed to  a sse ss  the presence of th e  a rm ad illo  an tibodies produced 
to  the murine MAB defined , M. le p ra e -s p e c if ic  ep itope (IIIE 9). 
P re - in fe c tio n  serum and p o s t- in fe c tio n  270 and 360 days in to  M. lep rae  
in fe c tio n  (o r beyond th e  s ta te d  da tes) were te s te d  in  th is  experiment 
because th ese  sera  produced p o s itiv e  response a t  360 days (or beyond) 
in  the  assay in  which crude c e l l  w all e x tra c t was used a s  the  source
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o f  65-kDa p ro te in . In  t h i s  experiment the  r e s u l ts  a re  presen ted  a s  % 
in h ib it io n  and a  p o s it iv e  response was defined  a s  > 18% in h ib it io n  
(Fig. 6 ) . Only 4 anim als were p o s it iv e  fo r  a n ti- I I IE 9  a c t iv i ty .  One 
animal shewed low le v e l of a c t iv i ty  in  the  p re - in fe c tio n  serum only. 
A nalysis o f  leprosy  p a tie n ts  se ra  fo r  antibody to  IIIE 9 epitope in  
CABA
A pre lim inary  t i t r a t i o n  of p a tie n ts  se ra  in  the  CABA in  which 
crude c e l l  w all e x tra c t was the  source o f  IIIE 9  epitope revealed th a t  
a  serum d i lu t io n  of 1:10 was optim al. Four serum sanples, from 
d if f e re n t  p a tie n ts ,  were then te s te d  by CABA ag ain st crude c e l l  w all 
e x tra c t  (a t 0 .2  mg/ml) o r  p u r if ie d  r65-kDa p ro te in  (a t 0 .2  mg/ml).
The re s u l ts  from CABA using crude c e l l  w all e x tra c t were c o n sis ten t 
w ith  the  find ings repo rted  ty  Dr. Levis and a s so c ia te s  (personal 
communication). Wien the  same serum samples were analyzed in  CABA 
using  p u r if ie d  r65-kDa, no in h ib it io n  of b ind ing  o f to
th e  IIIE9 ep ito p e  (Table 1) was observed.
F igure 1. Examination of the  s p e c if ic i ty  fo r CABA. using  10 kp.
Crude c e l l  w all e x tra c t o f M. le p ra e  (10 kp) was d ilu te d  
to  con tain  0 .2  mg/ml in  0.05 M carbonate-bicarbonate, pH 
9.2 coating  b u ffe r . Cne-hundred ul o f the  c e l l  w all 
e x tra c t  was added to  each w ell o f the  m ic ro tite r  p la te . 
The e f f e c t  o f re lev an t (cold IIIE 9) and ir r e le v a n t (cold 
D2 D3 ) MAB's on binding o f 1 2 5 I - IIIE 9  MAB to  the  IIIE9 
ep itope  was analyzed. Radiolabeled MAB was used a t  a 
f in a l  d i lu t io n  to  contain  1 x 10^ CPM along w ith  a s e r ia l  
d i lu t io n  of co ld  MAB's ranging from 10“-*- to  10"^.
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Figure 2a. T i t r a t io n  of arm adillo  sera  c o lle c te d  p r io r  to  the
experim ental in o cu la tio n  w ith M. le p ra e  (normal s e ra ) . 
Technical procedure fo r coating  m ic ro ti te r  p la te s  i s  same 
as F ig . 1. Armadillo se ra  a t  d ilu tio n s  ranging from 10“* 
to  10“3 were used. ^ g  usea  a t  f in a l  d i lu t io n
con ta in ing  1 x 10^ CPM.
A = normal se ra , n o f 6.
B = n o n -sp ec if ic  binding (no a n tig en ).
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LOG DILUTION OF THE SERB
Figure 2b. T i t r a t io n  o f a rm ad illo  sera  c o lle c te d  a t  100 and 363 days 
p o s t- in o c u la tio n  w ith M. le p ra e . Technical procedure i s  
same as F ig . 2a.
A = 100 days p o s t- in o c u la tio n .
B = 363 days p o s t- in o c u la tio n .
C = n o n -sp ec if ic  b inding (no an tig e n ).
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LOG DILUTION OF THE SERF)
4F igure 3. D etection  of arm adillo  an tib o d ies  d ire c te d  to  the M.
le p ra e -s p e c if ic  ep itope  (IIIE 9) o f  65-kEa p ro te in  p r io r  to  
and during th e  course of experim ental in fe c tio n .
Technical procedure fo r  co a tin g  m ic ro tite r  p la te s  i s  same 
a s  F ig . 1. Arm adillo sera  a t  f in a l  d i lu t io n  o f 1:30 and 
1 2 5 i_ jjisg  a t  f in a l  d ilu tio n  co n ta in in g  1 x 10® CPM were 
used. For determ ining a p o s itiv e  response a mean o f the  % 
in h ib itio n  o f the normal se ra  (0 day) + 2 S.D. was 
designated  a s  b a se lin e . A p o s i t iv e  response was defined 
a s  > 2 2 % in h ib it io n .
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F igure  4. Immunoblot to  dem onstrate the  antibody b ind ing  o f M.
le p ra e - in fe c te d  arm adillos to  th e  r65-kEa p ro te in  o f  M. 
le p ra e . P u r if ie d  r65-kda p ro te in  (0.658 mg/ml) was 
analyzed ty  immunoblotting. N itro c e llu lo se  paper (NCP) 
was incubated w ith sera  from normal o r  M. le p ra e - in fec ted  
arm adillos a t  1:50 d ilu tio n , washed, and incubated w ith 
ra b b it a n ti-a rm a d illo  gamma-chain a t  1:1000 d ilu t io n . The 
NCP's were th en  washed, and incubated w ith peroxidase 
conjugated goat a n t i - r a b b i t  IgG,M,A a t  1:500 d i lu tio n .
The NCP was washed and t re a te d  w ith  dye-developing reagen t 
(H2 0 2 » 4 -ch lo ro -ln ap h th o l).
Lane A = low m olecular weight p ro te in  standards: 
phosphorylase b (92-kDa), BSA (6 6 -kEa), ovalbunin 
(45-kDa), carbonic arihydrase (31-kDa), soybean try p s in  
in h ib ito r  (21-kDa), lysozyme (14-kDa): Lane Band every 
o th e r a l te rn a te  lane = normal serum; Lane C and every 
o th e r a l te rn a te  lane = serum from in fe c ted  arm ad illos .
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Figure 5. Examination o f the  s p e c if ic i ty  fo r  CABA using  r65-kDa 
p ro te in . P u rif ie d  r65-kE& p ro te in  o f M. leprae was 
d ilu te d  to  con tain  0.2 ug/ml in  0.05 M
carbonate-b icarbonate, pH 9 .2  coating  b u ffe r . One-hundred 
ml o f the d ilu te d  r65-kDa was added to  each w ell o f the  
m ic ro tite r  p la te .  The e f f e c t  o f re le v an t (cold IIIE 9) and 
ir r e le v a n t (cold D2 D3 , co ld  IIC 8 ) MAB's on binding of 
1 2 5 I-IIIE 9  MAB to  th e  IIIE 9  ep itope  was analyzed. 
Radiolabeled MAB was used a t  a f in a l  d i lu t io n  to  con tain  1 
x 10^ CPM along  with a s e r i a l  d ilu tio n  of co ld  MAB's 
ranging from 1 0 "-'- to  1 0 - ?.
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Figure 6 . CABA which incorpora te  p u r if ie d  r65-kDa p ro te in  a s  the
source o f IIIE 9  ep itope . Technical procedure fo r coating  
m ic ro tite r  p la te s  i s  same as  F ig . 5. Arm adillo sera a t  
f in a l  d i lu t io n  o f 1:30 and a t  f in a l  d ilu tio n
con tain ing  1 x 10® CPM were used. For determ ining a 
p o s itiv e  response a mean of th e  % in h ib itio n  o f the normal 
sera  (0 day) + 2 S.D. was designated a s  b a se lin e . A 
p o s it iv e  response was defined a s  18% in h ib it io n .
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TABLE 1
Comparison o f a com petitive antibody b ind ing  assay  (CABA) which 
incorpora ted  crude c e l l  w all e x tra c t o r p u r if ie d  recombinant 65kDa 
p ro te in  as  the source o f the IIIE9 ep itope
Serum from 
Leprosy 
Pat ie n ts
5 In h ib itio n  
C ell w all
using crude 
e x tra c t
% In h ib it io n  
Using p u r if ie d  
Recombinant 
65-kDa
A B B
99.29s 43 49 0
98.28b 24 27 0
67c 31 51 0
72d 54 58 0
A = In h ib it io n  as  determined in  the  lab o ra to ry  o f Dr. W. Levis.
B = In h ib it io n  a s  determined in  the lab o ra to ry  a t  the G i l l i s  W. long 
Hansen's D isease C enter.
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DISCUSSION
Many of the  an tig en ic  determ inants o f mycobacteria a re  expressed 
fy  hetero logous m ycobaccerial sp ec ie s ; and as a  r e s u l t ,  an tibod ies to  
one mycobacterium spec ies  w i l l  o fte n  re a c t w ith ano ther species. 
Recently, p ro te in  an tigens o f M. lep rae  have been th e  focus o f 
in te n s iv e  stuc^ . Using ISVBs, i t  has been shown th a t c e r ta in  p ro te in  
ep itopes o f M. lep rae  a re  sp e c ie s -sp e c if ic  (6 ) . A c e ll-w a ll  
a sso c ia te d  65-kDa p ro te in  molecule i s  an immunodominant component of 
M. le p ra e , M. tu b e rc u lc s is , and BCG. The 65-kEa molecule has one M. 
lep rae  s p e c ie s -sp e c if ic  ep itope  (IIIE9) and a minimum of 13 ep itopes 
expressed ty  hetero logcus sp ec ie s  (1 ). The 65-kEa p ro te in  has been 
shown to  be immunogenic in  both humans and mice. Antibody, as  w ell as 
T -c e ll  clones re a c tiv e  to  t h i s  molecule, have been iso la te d  from 
leprosy  p a tie n ts , th e i r  con tac ts , tu b e rcu lo sis  p a tie n ts , and 
in d iv id u a ls  responsive to  p u r if ie d  p ro te in  d e r iv a tiv e  (4, 5, 15).
These find ings have encouraged in v e s t ig a to rs  to  focus on th is  molecule 
as the ta rg e t an tigen  for development o f a serod iagnostic  assay . The 
method used to  d e te c t antibody d ire c te d  to  a given epitope, located  
w ith in  a molecule, i s  com petitive antibody binding assay  (3, 7, 14). 
Levis e t  a l . (12), is o la te d  a  crude c e l l  w all e x tra c t o f M. lep rae  as 
an tigen  in  th e  CABA. to  essess  leprosy  p a tie n t  serun fo r a c t iv i ty  
ag a in s t the 65-kDa IIIE? ep ito p e  in  th e  presence o f 125j  They
rep o rted  th a t  19/59 m ulo ibacilla ry  p a t ie n ts  had antibody d ire c tin g  to  
the M. le p ra e -sp e c if ic  ep itope (IIIE9) on 65-kDa p ro te in , w hile no 
antibody to  th is  epitope was d e tec ted  in  the  serum o f  15 
p a u c ib a c illa ry  p a t ie n ts .
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Since arm adillos serve  as th e  animal model fo r  m u ltib ac illa ry  
leprosy  (1 1 ,, we te s te d  a rm ad illo  sera  fo r th e  presence of d e tec tab le  
antibody tc  th e  IIIE 9  e p ito p e . The CABA which u t i l iz e d  10 kp, 
re s u lte d  in  50% in h ib it io n  in  b inding the  1 2 5 i_ iu e 9  to  the  IIIE9 
ep itope , observed g en era lly  w ith serum c o lle c te d  360-540 days 
p o s t- in fe c tio n . These fin d ings suggest th a t  the  IIIE9 ep itope  i s  
immunogenic in  a rm ad illo s . Cbnversely, when p u rif ie d  r65-kEa p ro te in  
was used in  the  CABA, in  p lace  o f crude an tigen  p repara tions, no 
antibody a c t iv i ty  to  th i s  ep itope  was d e tec te d . ImmunobLot an a ly s is  
o f  arm adillo  se ra  to  r65-kDa p ro te in , on th e  o th er hand, shewed th a t 
the arm adillo  produces antibody [IgG c la ss ] to  th e  65-kE& p ro te in . I t  
appears arm adillos produce antibody to  the 65-kDa p ro te in , which is  
not d ire c ted  toward or re a c tiv e  w ith th e  IIIE 9  ep ito p e . Consequently, 
th e  lack  of concordance between the  two CABA may be due to  s te r ic  
h indrance caused by in te ra c t io n  of an tib o d ies  w ith heterologous 
s p e c i f ic i ty  to  ep itopes o th e r than IIIE 9 p re sen t as  so lid  phase 
an tig en  in  the system.
To su b s ta n tia te  th i s  find ing , we re te s te d  leprosy  p a tie n t sera 
(supplied by Dr. W.R. Levis) which was p rev iously  id e n tif ie d  p o s it iv e  
fo r a c t iv i ty  to  the IIIE 9 epitope, when crude n a tiv e  an tigen  was used. 
In our lab o ra to ry  these  se ra  were a ls o  p o s it iv e  in  CABA using crude 
c e l l  w all e x tra c t, however, th ese  sera  samples were negative in  the 
CABA using  p u r if ie d  r65-kDa p ro te in .
In  a t i r e  course an a ly s is  o f in fe c ted  arm ad illo  sera  te s te d  in  an 
immunoblot essay using  son ica ted  M. lep rae  a s  an tig en  source, we have 
observed th a t th ese  animals produce e lev a ted  le v e ls  of antibody t i t e r s  
to  M. lep rae  components w ith  m olecular weights which range frcm
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21-45-kDa. The se ra  o f some animals recognize se ro lo g ic a lly  la rg e r  
re p e r to ire s  o f M. le p ra e  components in  the l a t e r  stages of 
p o s t- in o c u la tio n  w ith  M. lep rae  (personal o b serv a tio n ). ImmunobLot 
s tu d ie s  done w ith sera  o f human lep rosy  p a tie n ts  revealed  th a t  
lepromatous leprosy  p a tie n ts  produce antibody to  various M. lep rae  
components (2 ). With these  find ings in  mind i t  i s  believed  th a t  the 
lack  of concordance between find ings o f  CABA using crude c e l l  w all 
e x tra c t  versus those o f CABA using  p u r if ie d  r65-kDa p ro te in  i s  most 
l ik e ly  the  r e s u l t  of s t e r i c  hindrance induced by ir re le v a n t antibody 
m olecules p resen t in  polyclonal serum.
The IIIE 9 ep itope  o f M. lep rae  does not appear to  be imnunogenic 
in  the a rm ad illo  o r the  leprosy  p a tie n t .  Although serum from g re a te r  
numbers of leprosy  p a t ie n ts  must be analyzed, the  influence o f s t e r i c  
h indrance must be considered when crude an tigen  p rep ara tio n s  a re  
employed e sp e c ia lly  w ith serum taken from p a tie n ts  with m u ltib a c illa ry  
leprosy, who produce antibody to  a wide spectrum of components in  the  
b a c i l lu s .
*
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The mechanism by which M. .leprae e lu d e s  the h o s t  d e fe n s e  system  
t o  ca u se  d is e a s e  in  man and a r m a d illo s  i s  unknown. S in ce  p r o te c t io n  
a g a in s t  d is e a s e  i s  a s s o c ia t e d  w ith  an a p p r o p r ia te  h o s t  immune 
resp o n se  to  M. le p r a e , d e l in e a t io n  o f  th e  a n t ig e n ic  c o n s t i tu t io n  o f  
M. le p r a e  i s  e s s e n t i a l  to  th e  u n d ersta n d in g  o f  t h i s  p r o c e ss .
T h is stu d y  was undertaken to  c h a r a c te r iz e  th e  a n t ig e n ic  
com ponents o f  M. le p r a e  which evoked IgG a n d /o r  IgM an tib od y  
re sp o n ses  in  a r m a d illo s  ex p e r im e n ta lly  in o c u la te d  w ith  M. le p r a e , 
vtfien the lo n g itu d in a l  an ti-P G L -I IgM and IgG r e sp o n se s  o f  a group o f  
e le v e n  a r m a d illo s , which r e c e iv e d  th e  same in o c u la  o f  M. le p r a e , and 
a la r g e  group o f  30 a r m a d illo s , which r e c e iv e d  v a r io u s  in o cu la  o f  M. 
le p r a e , was a n a ly zed  u s in g  ELISA, we ob served  th a t  IgM anti-P G L -I  
ab sorb an ce v a lu e s  in c r e a se d  w ith  tim e p o s t - in o c u la t io n .  T h is  
resp o n se  was q u ite  homogeneous arid i t  p e r s i s t e d  throughout th e  c o u r se  
o f  in f e c t io n .  The p e r s i s t e n c e  o f  t h i s  re sp o n se  was p robably  due to  
th e  a v a i l a b i l i t y  o f  a co n tin u o u s so u rce  o f  a n t ig e n . T his o b se r v a t io n  
was in  agreem ent w ith  th e  f in d in g s  rep o rted  by Truman, e t  a l .  (2 4 ) .
In com parison to  th e  absorbance v a lu e s  fo r  th e  IgM re sp o n se , th e  
ab sorb ance v a lu e s  Cor IgG an ti-P G L -I w ere c o n s id e r a b ly  h ig h er  and th e  
resp o n se  was h e te ro g en eo u s . Due to  th e  h e te r o g e n e ity  in  absorbance  
v a lu e s  Cor IgG an ti-P G L -I, we were a b le  to  se p a r a te  a rm a d illo s  in t o  
two g ro u p s. Group A re p r esen te d  th o se  w ith  h ig h  absorbance v a lu e s  
fo r  IgG an ti-P G L -I resp o n se; whereas th o se  in  group B re p r esen te d  th e  
a r m a d illo s  w ith  1ow absorbance v a lu e s  fo r  IgG a n ti-P G L -I . T ie  
an im a ls in  group A, when compared t o  th o se  in  group B, w ere cap ab le
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o f delay ing  th e  d issem ination  o f  M. lep rae  in fe c tio n  a s  measured by 
time to  appearance o f AFB in  ear b io p s ie s . These animals a lso  had a 
longer l i f e  span.
In  human s tu d ie s , Levis, e t  a l .  (17), have repo rted  h igh  IgG 
anti-PGL-I in  some p a tie n ts  w ith tu b ercu lo id  (EfT) leprosy , a form o f  
lep rosy  th a t i s  a sso c ia ted  w ith  c o n tro llin g  the  in fe c tio n . When 
Gormus e t  a l .  (9), analyzed lo n g itu d in a l serum samples o f  M. 
le p ra e - in fe c te d  Sooty mangabey monkeys fo r an tib o d ie s  of IgG and IgM 
c la s s  to  PGL-I, they rep o rted  th a t h igh  IgG and low IgM anti-PGL-I 
le v e ls  a re  a sso c ia ted  w ith  le s s  severe d isea se . Since M. lep rae  i s  
an in t r a c e l lu la r  organism, an tibod ies to  M. lep rae  a re  not thought to  
be p ro te c tiv e  in  lep ro sy . N evertheless, th e re  may be an a sso c ia tio n  
between e lev a ted  IgG anti-PGL-I responses and upgrading o f th e  
immunological responsiveness to  M. le p ra e .
Wfe have a lso  observed a sharp drop in  absorbance values fo r  IgG 
anti-PGL-I among some anim als during th e  l a t t e r  phase o f in fe c tio n  
and a t  a time when th e  anim als were moribund. S ig n ific an t decrease  
in  IgG anti-PGL-I le v e ls  have a lso  been described  in  M. 
le p ra e - inocu la ted  Sooty mangabey monkeys (9 ). These usually  preceded 
and /o r corresponded to  periods of c l in ic a l  p rogression  o f the leprosy 
symptoms. Since the drop in  absorbance values was in  p a r a l le l  to  th e  
system ic d issem ination  o f in fe c tio n  a s  m anifested fcy b a c te r ia  in  
buffy  co a ts , i t  was specu la ted  th a t h igh  co ncen tra tion  o f an tigens 
l ik e  PGL-I in  the  plasma could in fluence  the r e s u l ts  o f the antibody 
d e te c tio n  assay  by in  vivo complexing o f an tigens w ith some o r a l l  o f  
the  serum a n tib o d ie s . Previous in v e s tig a to rs  ’nave d em o n stra te  th a t  
th e  3 , 6 -di-o-m ethyl-B-D-glucqpyranose i s  th e  hapten determ inant o f
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the  s p e c ie s -sp e c if ic  g ly co lip id  (4, 7, 12). Therefore, due to  th e  
p o ss ib le  monovalent na tu re  o f PGL-I upon an tig en  antibody in te ra c t io n  
one would not expect the  form ation o f a  l a t t i c e  as commonly seen in  
p re c ip i ta t in g  immune complexes. Upon a n a ly s is  o f se lec ted  plasma 
samples, the  presence o f PGL-I in  th e  plasma o f  6  out o f  8  animals 
became ev iden t. T his was based on the  m igration p a tte rn  o f the 
ex trac ted  component on th in  lay er chromotography (TLC) as conpared 
w ith th a t of standard  PGL-I and confirmed ty  i t s  immunoreactivity 
w ith monoclorai antibody (MAB) FSb4 using ELISA. The presence o f 
PGL-I in  plasma was cbserved p rim arily  in  samples c o lle c te d  during 
th e  te rm inal phase o f d isease  and correspondingly a t  a time in  which 
a  drop in  IgG anti-PGL-I absorbance value was cbserved. Therefore, 
i t  i s  believed  th a t  th is  drop in  absorbance value may be due to  
form ation o f complexes between h igh  a f f in i t y  IgG molecules and PGL-I 
in  the  plasma. A s ig n if ic a n t  drop in  absorbance values fo r  IgM 
anti-PGL-I an tib o d ie s  was not re a d ily  cbserved among anim als in  group 
A and B. A p o ssib le  explanation could be due to  a  la rg e r  
co ncen tra tion  of h igh a f f in i t y  IgG anti-PGL-I m olecules Which 
out-compete the lew a f f in i t y  IgM anti-PGL-I m olecules. Furthermore, 
a rm ad illo  IgG and IgM antibody responses to  various an tigens o f M. 
lep rae  were analyzed using iso ty p ic -s p e c if ic  a n tis e ra  ty  means o f 
immunoblotting. B lots using supernatant f ra c tio n  o f son icated  M. 
lep rae  and developed fo r  IgG an tibod ies  to  M. lep rae  showed m ultip le  
p ro te in  an tigens (Mr=12-90-kDa) in  some h e av ily -in fe c ted  a rm ad illos. 
In c o n tra s t, b lo ts  developed fo r  IgM an tibod ies to  M. leprae  showed a 
s in g le , broad, d if fu se  band o f immunoreactivity a t  approxim ately 
33-kDa. The 33-kDa immunogen was d e tec tab le  w ith s i lv e r  s ta in
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m odified fo r carbohydrate r e a c t iv i ty , suggesting th e  presence of a 
polysaccharide component. In  ad d itio n , b ind ing  o f  125i_conconavai i n 
A to  th e  33-kDa component demonstrated the  presence o f mannose and/or 
g lucose re s id u es . A dd itionally , when we analyzed the  IgG and IgM 
antibody responses o f an in fe c ted  a rm ad illo  to  th e  h ig h ly  
c ro s s -re a c tiv e  m ycobacterial an tigen  IAM (13) derived  frcm M. 
tu b e rc u lo s is , IgM a c t iv i ty  was cbserved only to  th e  broad d iffu se  
bands a t  the reg ions of 28-30-kDa and 50-kDa. Comparison o f the  
SDS-PAGE m igration p a tte rn s  and antibody binding c h a ra c te r is t ic s  o f 
the  33-kDa m ate ria l w ith th a t o f the  p u r if ie d  M. tu b e rcu lo s is  LAM 
(13) suggested th a t th e  two components were chem ically and 
immunologically re la te d . The a b i l i ty  o f a  33-kDa molecule to  e l i c i t  
a s tro n g  antibody response in  arm adillos and hunans in fe c ted  w ith  M. 
lep rae  has been reported  by Chakrabarty, e t  a l .  (13). However, they 
reported  no r e a c t iv i ty  to  33-kDa in  normal a rm ad illo s and un infected  
humans by immunoblot an a ly ses. These in v e s tig a to rs  used 125_gtaph_^ 
p ro te in , which d e te c ts  p rim arily  IgG a n tib o d ie s . In our s tu d ie s , th e  
use o f is o ty p ic -s p e c if ic  a n tis e ra  dem onstrated th e  presence o f IgG 
and p rim arily  IgM an tib o d ies  to  th e  33-kDa an tigen  o f  M. leprae in  
sera  of normal and in fe c te d  anim als. The im m unoreactivity cbserved 
in  se ra  from normal a rm ad illos may in d ic a te  previous e:xposure of 
th ese  arm adillos to  M. lep rae  o r to  a c ro s s -re a c tiv e  m ycobacterial 
an tig en  p resen t in  the  environment.
Next, lo n g itu d in a l plasma samples o f s e le c te d  anim als [animals 
rep resen tin g  those  w ith high IgG anti-PGL-I response (group A) and 
those with low IgG anti-PGL-I response (group B)] were fu r th e r 
analyzed fo r an tib o d ies  o f IgM and IgG c la s s  to  son ica ted  M. lep rae
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components by means o f immunoblotting. Hie predominant IgM and IgG 
responses were d ire c te d  toward the  M. le p ra e  components w ith  
m olecular weights ranging from 21-45-kDa. Comparison o f imnunobLot 
analyses of a rm ad illo  IgG responses to  M. lep rae  components w ith  th a t 
o f humans in d ic a te s  th a t  M. le p ra e - in fe c te d  arm adillos g en era lly  
recognize and produce an tib o d ie s  to  a  la rg e r  number o f M. lep rae  
components than  m u ltib a c illa ry  p a t ie n ts .  For example, an a ly sis  o f 
se ra  from M. le p ra e - in fe c ted  arm ad illo s  in d ica ted  th a t  in  a d d itio n  to  
th e  immunoreactive components recognized by both arm adillo  and hunan 
sera , a rm ad illo  sera  reac ted  to  a group of M. le p ra e  components w ith 
m olecular weights ranging from 45-kDa to  90-kEa and, among these , 
only  the  8 6 -kDa component of M. lep rae  was recognized by human sera 
(16). Our r e s u l ts  support e a r l i e r  fin d in g s th a t  arm adillos produce 
antibody to  a  g re a t d iv e rs ity  o f M. le p ra e  an tig en s  as opposed to  the 
p rev iously  rep o rted  lim ited  re p e r to ire  produced by leprosy  p a tie n ts .  
D ifferences in  antibody p ro f i le s  between experim entally  M. 
le p ra e - in fe c ted  a rm ad illos and humans a f f l i c t e d  w ith  M. lep rae  could 
be due to  the e f f e c t  of chemotherapy of p a t ie n ts  as  suggested by 
K laste r, e t  a l .  (16), or as a r e s u l t  o f immune reco g n itio n  o f various 
an tigens governed by immune response genes.
In  conclusion, r e la t iv e  to  the  comparison of immunobLot a n a ly s is  
o f animals rep resen tin g  group A versus those rep resen tin g  group B, in  
both groups, we cbserved a s im ila r  lo n g itu d in a l p a tte rn  o f IgG and 
IgM response to  son ica ted  M. lep rae  components. F in a lly , th e  
c e ll-w a ll  a sso c ia ted  65-kEa p ro te in  o f  M. le p ra e , a molecule which 
has been the focus of in ten s iv e  study by many in v e s tig a to rs  (2, 19), 
was a ls o  recognized as antibody evoking immunogen in  arm ad illo s .
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This molecule has been shown to  be immunogenic in  both hunans and 
mice. Antibody, a s  w ell a s  T -c e ll  c lones re a c tiv e  to  th i s  molecule, 
have been is o la te d  from leprosy  p a tie n ts ,  t h e i r  co n tac ts , 
tu b e rcu lo sis  p a tie n ts , and in d iv id u a ls  responsive to  p u r if ie d  p ro te in  
d e r iv a tiv e  (6 , 21). The 65-kEa molecule has one M. lep rae  
sp e c ie s -sp e c if ic  ep itope (IIIE9) and a minimum of 13 ep itopes 
expressed by heterologous sp ec ies  (2 ). These find ings have 
encouraged in v e s tig a to rs , inc lud ing  us, to  focus on th is  molecule as 
the  p o te n tia l  ta rg e t an tigen  fo r development of a serod iagnostic  
assay  fo r d e tec tio n  of su b c lin ic a l leprosy . The method genera lly  
used to  d e tec t antibody d ire c ted  to  a given ep itope , lo ca ted  w ith in  a 
molecule, i s  c o n p e titiv e  antibody binding  assay  (CABA) (5, 8 , 20).
The CABA i s  p a r t ic u la r ly  su ite d  when p u r if ie d  an tigen  preparations 
from the  in fe c tio u s  agent a re  not av a ilab le  as i s  the case w ith 
d i f f i c u l t  to  grow microorganisms, such as M. le p ra e . In one such 
assay rad io lab e led  MAB i s  used a s  the com petitive reagent and crude 
e x tra c ts  o f mycobacteria a r e  used as an tig en . The prem ise upon Which 
m ycobacterial CABA's a re  c u rre n tly  founded i s  th a t  labeled  MAB 
d ire c te d  ag a in st a defined  epitope in  crude an tigen  e x tra c ts  could be 
blocked by antibody in  serum of humans exposed to  th is  in fec tio u s  
agent.
Therefore, we analyzed 175 serum samples fo r antibody to  IIIE9 
ep itope  c o lle c te d  from 26 animals during the  course o f  M. leprae 
in fe c tio n , in  a CABA which u t i l iz e d  crude c e l l  w all e x tra c t of M. 
lep rae  as an tigen  source. The r e s u lts  in d ica ted  a 60% in h ib itio n  in  
b inding  o f the 1 2 5 j _ j j j ^ g  u i E 9  epitope, g en era lly  in  serum
c o lle c te d  360-540 days p o s t- in fe c tio n . These find ings suggested th a t
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th e  IIIE 9  ep itope  i s  immunogenic in  a rm ad illo s . In human s tu d ie s , 
Levis, e t  a l .  (18) have assessed  leprosy  p a tie n t sera  fo r  a c t iv i ty  
ag a in s t th e  65-kDa IIIE 9 epitope in  CABA. and rep o rted  th a t  19/59 
m u ltib a c illa ry  p a tie n ts  had antibody to  th e  IIIE 9 ep itope .
A disadvantage o f CABA which uses crude an tig en  p repara tion  i s  
the  e f fe c t  upon sp e c if ic  antibody b ind ing  (e ith e r  labeled  IVRB o r  t e s t  
se ra) by o th er serum an tib o d ies  which bind to  an tig en ic  determ inants 
lo ca ted  in  c lo se  proxim ity to  the ta rg e t ep itope . T his phenomenon, 
re fe rre d  to  as s t e r i c  h indrance, may play a  ro le  in  blocking th e  
s p e c if ic  re a c tio n  which may lead to  fa ls e -p o s it iv e  r e s u l t s .  One 
approach to  examine the  ro le  o f s te r ic  hindrance and th e  degree to  
which i t  in fluences a given s e t  o f d a ta  i s  to  compare r e s u l ts  derived 
from CABA in  which crude an tig en  was employed w ith find ings in  
experim ents where p u r if ie d  n a tiv e  p ro te in  o r recombinant p ro te in  has 
been used as th e  an tigen  source. During th e  course o f th i s  study, 
recombinant 65-kDa (r65-kEa) p ro te in  became a v a ila b le  and the 
s p e c if ic i ty  of our data was evaluated  in  i t s  comparison to  th e  
re s u l ts  obtained  from CABA developed using p u r if ie d  r65-kEa p ro te in . 
The r e s u l t s  derived  from one such comparison, using arm adillo  or 
p a tie n t sera , in d ica ted  th a t  when p u r if ie d  r65-kDa p ro te in  was used 
in  th e  CABA, in  p lace  of crude an tigen  p rep a ra tio n s , no antibody 
a c t iv i ty  to  th is  ep itope was detec ted .
I t  appears th e  lack o f concordance between the  two CABA may be 
due to  s te r ic  hindrance caused fcy in te ra c t io n  of an tib o d ie s  w ith 
hetero logous s p e c if ic i ty  to  ep itopes o th er than  IIIE 9  presen t as 
s o lid  phase an tigen  in  th e  system.
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In  a tim e course a n a ly s is  of in fe c te d  a rm ad illo  sera  te s te d  in  
an immunoblot assay  using  son ica ted  M. le p ra e  a s  an tigen  source, we 
have observed th a t  th ese  animals produce e lev a te d  le v e ls  o f an tib o d / 
t i t e r  to  M. lep rae  components w ith m olecular w eights ranging from 
21-45-kDa. The se ra  of some animals recognized se ro lo g ica lly  la rg e r  
re p e r to ire s  of M. lep rae  components in  the  l a t e r  s tages of 
p o s t- in o c u la tio n  w ith  M. le p ra e . Immunoblot s tu d ie s  done w ith se ra  
o f  human leprosy  p a tie n ts  revealed  th a t  leprcmatous leprosy  p a tie n ts  
produce antibody to  various M. lep rae  components (3). With th ese  
fin d in g s  in  mind, i t  i s  be lieved  th a t the  lack  o f concordance between 
find ings o f  CABA using crude c e l l  w ell e x tra c t versus those o f CABA 
using  p u r if ie d  r65-kDa p ro te in  i s  most l ik e ly  th e  r e s u l t  o f s te r ic  
hindrance induced fcy ir r e le v a n t antibody m olecules p resen t in  
po lyclonal serum.
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